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The present invention relates to the chemical control of gene expression in plants. In 
particular it relates to a method whereby receptor polypeptides in the presence of an 
appropriate chemical ligand regulate the expression of a target polypeptide in a plant cell, 
as well as to the expression cassettes encoding the receptor and target polypeptides and 
transgenic plants containing the expression cassettes. 



in some cases it is desirable to control the time or extent of expression of a phenotypic trait 
in plants plant cells or plant tissue. An ideal situation would be the regulation of expression 
of such a trait at will, triggered by a chemical that could be easily applied to field crops, 
ornamental shrubs, etc. One such system of regulating gene expression which could be 
used to achieve this ideal situation, as yet unknown to be present naturally in plants, >s the 
steroid and thyroid hormone superfamily of nuclear receptors. 

The steroid and thyroid hormone superfamily of nuclear receptors is found in mammals and 
insects and is composed of over 100 known proteins. These receptors fall into at least two 
functionally distinct categories known as Class I and Class II. Beato, Cell 56: 335-344 
(1989); Parker, Sem. Cancer Biol. Sen 1: 81-87(1990). Of the two classes, only the Class II 
receptors function in the nucleus as heterodimers to-affect expression of target genes in the 
presence of hormone. The best studied examples of Class II receptor proteins are Retinoic 
Acid Receptor (RAR), Vitamin D Receptor (VDR), and Thyroid Hormone Receptor (T3R) 
and Retinoic X Receptor (RXR). The receptors bind to the 5' regulatory region of the target 
gene and upon binding of a chemical ligand to the receptor, the transactional act,vat,on 
(transaction) domain of the receptor affects gene expression by interacting with other 
transcription initiating factors. 

In addition to the Class II receptor proteins found in mammals as described above, 
receptors of similar structure and activity have been indented in the insect DrosooMa. 
Koelle et al Cell 67: 59 (1991): Chnstianson and Kafatos. Biochem. Biophys. Res. Comm. 
193" 1318 (1993) Henoch et a,.. Nucleic Acids Res. 18: 4143 (1990). The Ecdysone 
Receptor (EcR) binds the steroid hormone 20-hydroxyecdysone and. when heterod.menzed 
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mos , homologous ,o RXR*. an. RXR ,3 »« *-* - -* Tl »™ 

„, a, Na.ure 362: 47,-475 (,993, chemical ,-gands 

lesson, such as Cher hormone agcnrs.s or an,agon,sfs. .1, a,so M ,0 ,hese recep.crs 

and cause Iransadvation of a target gene. 

One mender ot me s,ero,d and myrord superfam,,, o, nuclear receptors, the Class , 
Gucocohicoid Receptor (GR) -** u.iiizes chaperonms and does not .uncon P y 
Z Imenzation * other receptors, has Peen sho^ to ,rans=*a,e a targe gene ,n 
pa ls Schena e, a,.. Proc. Na, Acad. So. USA as: <1«i> 
I «ng tne iigand Pmding domain ,ro m GR was (used ,p ,he antnocan reg*^ 
• , «n « 'R' and shown to stimulate production of antnocyan.n .n transgenic 

e, a, Science 2 2S: 433 (,994,. ,, «. also reported P, L,»,d e, al. «. ,u«eng t h GR d 
no, gene expression In staPI, «n-n»d AraPidopsis ft*, .rhereas ,, did , 

I „L ass ,s In tppacco prp,op,a S1 s. P— e. fusions p, R »» a (ragmen, (rom » 
Lgen Receptor (6R>. anofter Cass I receptor ^"V*" 
Edited production 0, a„,hoc y a„,„ In the presence 0, «ne approve ch.mica, Ngand « 
showed 'substantial' background expression. 

The distinguishing teatpre p« ft. Class „ receptor prpteins. ,ransac 6 »a»o„ o< a targe, gene 
b> .eterodime^ receptors In the presence o, an apprppha.e Oemica, „g nd^ 0 er 
pevtously unrecognized opposes (or chemical contrp, ». gene e>pr.ss,»n ,n plan* 
T o. heterlimers allows a Prpader range o, gene cpntro, strategies, and chen^s 
e a a , Khov. ,or aghcu,,ura, use -** can tngge, receptpr-mediated ,ran~ 
, e, ene egression o, this dass. gene contrp, stra.egtes to, p.ants 

1^ ,1 nulr recep,ors .a, dp no, occur naturatl, in P lan,s ha»e the a„rac„ve 
Tire p, ,duc,ng pnl, the genetically engineered ,ar,e, gen. The class = 

n;::::, pi,,; .p. 

,h a „o be needed in order to provide mimmum basal activity wnicn 
modification would also be neeueu 

nmv to hiah levels in the presence of a tnggenng chem.cal. As has 
increases rapidly to nign ievei> v 

t hv the present invention, receptor polypeptides based on the class II mod. , 

z z. - - - — - — - ^ - ,o 
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co.ro. expression of a targe, po.ypept.de wherein the receptor po.ypept.des act.vate the 5 
„ region of a target expression cassette in the presence of a Arnica. fcand. -n 
a method of controlling gene expression in plants is useful for controlling vanous tra,ts o. 
agrcnom.c importance, such as plant fertility. 



rne present invention is drawn to a method of controlling gene expression ,n plants. 
Spe.ficai.y the method composes transforming a plant with at least t*o receptor 
expression' cassettes and at least one target expression cassette. The firs, receptor 
expression cassette composes a nu.eo.de sequence for a 5' regulatory region operably 
lir *ed to a nucleotide sequence which encodes a first receptor polypep.de operated 
t0 a 3" termination reg.on. The second receptor expression cassette comprises a nuclec.de 
sequence for a 5' regulator reg.on operably linked to a nucleotide 
encodes a second receptor P oly P ep*Jde operably linked to a 3' termination reg,on. The first 
and second receptor polypeptides comprise a first and second ligand binding doma.n. 
respectively, which are mutually distinct. The target expression cassette compnses a 
nucleotJde sequence for a 5' regulatory region operab.y iinked to a nucleotide sequence 
which encodes a target polypeptide operably linKed to a 3' terminal region, where.n the 
5' regulatory region of said target expression cssette is abated by said first and second 
raptor porypepfides in the presence of one or more comical .igands. whereby express.cn 
of said target polypep.de is accomplished. The method is useful for control.ing vanous tra.ts 
of agronomic importance, such as plant fertility. 

The invent is further drawn to transgenic plants comprising a first and second receptor 
expression cassette and a target expression cassette. Also encompassed by the inven ,n 
are receptor expression cassettes and target receptor cassettes capab.e of h,gh .eve, 

expression in plants. 

Tbe receptor po, y pep«es compnse . tigand binding domain. DNA binding domain and a 
reactivation domain. Funner. ,ne receptor peptides ma, nave a cbrmenc torm 
one o, more p, M iigand tttfng. DNA binding or transaction domains are »b,a 
, rom . source neterologous - respect .d o.ner domains present in ,ne chtmenc receptor 

polypeptide. 
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P,ctora. representation of a p.an, cel. compns.ng a first receptor expression 
which encodes a first receptor poiypept.de compns.ng a first .Igand b,nd,ng 
domain and a second receptor express.cn cassette encoding a second receptor 
po,vpeptide composing a second hgand binding doma.n. The first and second receptor 
polypeptides are mutually distinct. The plant cel. further composes a targe, expression 
cassette encoding a target polypeptide, wherein the target polypeptide is expressed upon 
activation of the 5" regulatory region of the target expression cassette compns.ng a 
oromoter with a responsive element (RE) by the first and second receptor polypeptides ,n 
' tne presence of a chemical ligand which is complementary to sa,d first or second l.gand 
binding domain. 

F^re 2 Pictorial representation of a specific embodiment of the plant cell of Figure 1, 
serein the first receptor po.ypep.de is the Ecdysone Receptor (EcR), the second receptor 
polypeptide is Ultrasoiracie (USP), the 5' regulatory reg,on of the target expression cassette 
comprises an Ecdyson Receptor response element (EcRE), and the chemical ligand ,s 
tebufenazine. 

Pictorial repression of a spedfic embodiment of the plant cell of Figure 1, 
^erem me first receptor po,ype P .de is a GAL4-EcR fusion, the second receptor 
polypeptide is a USP-VP16 fusion, tne 5' regulatory region of the target expression cassette 
compnses a GAL4 response element (GAL4 RE), and the chemica, ligand is tebufenaane. 

. mssBM ^ §m& ' as used herein refers to polypeptides v*ich achate the expression 
of a target polypeptide in response to an applied chemical ligand. The receptor polypeptide 
is composed of a ligand binding domain, a DNA binding doma.n and a transaction 
domain. A ^^^..^L^^n^m' compnses a nucleotide se.uence for 
regulatory region operably linked to a nudeotide seguence which encodes a receptor 
polypeptide and an untranslated 3" termination reg,on (stop codon and po,yadeny,at,on 
sequence). 

Tne „ ga n a domain compnses = seance - ammo «*• — « — 

„„„.=o,ale„«y a comp.emen.an, Cemlca, K**. Hence, a l, 9 a„ a .In*, coma, an, 
cnemical ligand form a complement bindng pair 
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7 ,, DMA binding domain comprises a sequence of am.no a.ds which b,nds non-cova.ent.y 
- soecfc nucleotide sequence Knew, as a response element (RE). The response e.ements 
Seated in the 5' regulatory reg,on of the target expression cassette and ccrnonse a oa,r 
VnalMites each ha.f-site having a 6 base pair core where a single DMA binding domain 
re cogn,-es a s.ngle ha.f-site. The half-sites may be arranged in relative linear oriental to 
oach otr-r as either direct repeats, palindromic repeats or inverted repeats. A response 
-,-m-nt b,nds either a homod.mer or he.erodimer of receptor polypeptides. The nucleo.de 
sequence and linear orientation of the half-sites determines which DMA binding doma,n or 
DNA binding domains will form a complementary binding P a,r with sa.d response element, 
as well as the ability of receptor polypeptides to interact with each other in a d.mer. 
The transaction domain comprises one or more sequences of amino acids acting as 
subdomains which affect the operation of transcription factors dunng preinitiation and 
assembly at the TATA box. The effect of the transaction domain is to allow repeated 
transcription initiation events, leading to greater levels of gene expression. 
A -mojfitf refers to that share or portion of a receptor polypeptide that is denved from the 
indicated source. For example, "Ec^/ refers to that portion of the receptor 
polypeptide that was denved from the native ecdysone receptor. .Moiety as used here may 
comprise one or more domains. 

-Uanojo^- is used to indicate that a receptor polypeptide has the same natural origin 
with respect to its current host. For example, the ecdysone receptor (EcR) is found ,n 
certain insect spedes and is said to be homologous with respect to the insect speaes ,n 
which it onginates. "Homologous' is also used to indicate that one or more of the domains 
Present in a receptor polypeptide have the same natural origin wtth respect to each other. 
For example, the DNA binding domain and the tigand binding domain of EcR are 
considered to be of a homologous ongin with respect to each other. 
-^zmmi- is used to indicate that a receptor polypeptide has a different natura, ongin 
with respect to its current host. For example, ,f the ecdysone receptor (EcR) from an insect 
speaes is expressed in a plan, cell, then the EcR is described as being heterologous with 
respect to its current host, which is the plan, cel.. "Heterologous" is also used to indicate that 
one or more of the domains present in a receptor polypeptide differ in their natura, ong,n 
with respec, to other domains present. For example, if the transaction dorna,n from the 
horP es s,mp,ex VP16 P ro.e,n is fused to the USP receptor from DrcsophHa. then the V P1 6 
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> .„ -ho i RP-mcietv Furthermore, if a 
^n ma ,n is heterologous with respect to the UbH mot^ 
transaction domain ,s 5 f (hep ^ 

i icp fused to a domain from RXR to ma-se 
domain from USP is .Jsea addition, a 

, .on would have domains that are heterlogous to eac, other, 
chimenc fusion wouio tran sactivaticn domain 

, „ „ sector polypepude composing the fus.on of a VP1o transact, 
h etero,o g ous recep^P ^ ^ he[erologous wlh 

and a USP-nnoiety, when expressea md H 
respect to the plant host. 

. B -„. ric - is used .0 W».e that me receptor peptide is compnsed o, 
™ - nas an o„g,n «, rs heterologous - — » « 

domains present. These cnim seqU ence which 

sequences which have been fused or ligated together resulting ,n a coding seq 

does not occur naturally. 

* m m terminal to C-terminal porton of the polypeptide, us. y 

^r.-.-n-.:— 

polypeptide would be designated USP-VP16. 

G e„e constructions are d~d * «™ - " S ^^^Z 

and me coding sequence designated * r ^ ^ 

consmicton 35S/USP-VP16 designates the 35S promot.r 

Td to me Oimedc receptor USP-VPie, — « ™sacti,a«on oo m an o, VP1S 
fused to the C-terminal end of USP. 

•nn cassette' compnses a nucleotide sequence for a 5' regulatory region 
A ^3SLS^ISSmLS3SSSM comp poty peptide whose 

u. .• tn a nucleotide sequence which encodes a target poiyp v 
operably linked to a nucuouu m OCDnrp of a chemical ligand. 

on „ activated by the receptor polypeptides in the presence of a chem 
expression is activated y g ^ an 

The 5 regulatory reg ^ J ^ ^ ^ elements 

,,t, a t,on of ^^Zns of the receptor polypeptides. The target express.on 
ne cessa,forcomp— bnd > ^ ^ ^ 

cassette also possesses a 
sequence). 
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The method of the present invention composes expressing within a plant at least two 
recaotor polypeptides which, in the presence of one or more chem.cal ligands. activate the 
5' regulatory region of a target expression cassette within a transgenic plant (Figure 1). At 
leas: two receptor polypeptides are required to activate the 5' regulatory region. These two 
receptor polypeptides form a dimer. When the two receptor polypeptides are identical they 
form a "homodirner" and when the two receptor polypeptides are different they form a 
"heterodimer." One or both of the two receptor polypeptides present in a homodimer or 
h'etsrodimer may be in a chimenc form, as described below. Examples of heterodimer. 
encompassed by the invention include, but are not limited to, EcR+USP. EcR+RXR or 
chimeric forms thereof. 

The receptor polypeptides are composed of a ligand binding domain, a DNA binding 
domain and a transaction domain. The DNA binding domain binds the receptor 
Polypeptide to the 5' regulatory region of the target expression cassette at the site of the 
response element. The ligand binding domain of the receptor polypeptides binds, when 
present, the complementary chem.cal ligand. Binding of the chemical ligand causes a 
conformational change in the receptor polypeptide and allows the transaction domain to 
affect transcription of the coding sequence of the target expression cassette, resulting in 
production of the target polypeptide. 

The chimeric receptor polypeptides used in the present invention have one or more 
domains obtained from a heterologous source. The use of chimeric receptor polypeptides 
has the benefit of combining domains from different sources, thus providing a receptor 
polypeptide activated by a choice of chemical ligands and possessing supenor ligand 
binding. DNA binding and transaction characteristics. One preferred embodiment of the 
present invention are chimenc receptor polypeptides where the complementary chemical 
ligand is selected from an insecticide, an insect hormone, or antagonists or agonists of 
insect hormones. 

The 5' regulatory region of the receptor expression cassettes further compnses a promoter 
which permits expression in plant tissues and cells. Appropnate promoters are chosen for 
the receptor expression cassettes so that expression of the receptor polypeptides may be 
constitutive developmental!, regulated, tissue specific, cell specific or cell compartment 
specific Promoters may also be chosen so that expression of the receptor polypeptides 
themselves can be chem,callv-,nduced in the plant, thereby increasing the level of promoter 
induction by ligand. By combining promoter elements which confer specific expression with 
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tnose conferring chemically-induced expression, the receptor polypeptides may be 
expressed or activated within specific ceils or tissues or the plant in response to chemical 
application. The nucleotide sequence which encodes the receptor polypeptide may be 
modified for improved expression in plants, improved functionality, or both. Such 
modifications include, but are not limited to, altenng codcn usage, insertion of introns or 
creation of mutations, preferably in the ligand binding domain, in one embodiment of the 
invention, expression cassettes compnsing an anther-specific or pistil-specific promoter 
operably linked to a nucleotide sequence which encodes a chimenc receptor polypeptide 
are used to activate the expression of a target polypeptide. 

Target polypeptides whose expression is activated by the receptor polypeptides in the 
presence of a chemical iigand are also disclosed. The expression of any coding sequence 
may be controlled by the present invention, provided that the promoter operably linked to 
said coding sequence has been engineered to contain the response element or response 
elements which are complementary to the DNA binding domain of the receptor polypeptides 
used. For example, target polypeptides which are useful for controlling plant fertility are 
activated by the receptor polypeptides in the presence of a chemical tigand. 



Chimeric receptor polypeptides may be used in the present invention to activate expression 
of a target polypeptide. One or more of the three domains of a receptor polypeptide may be 
chosen from a heterologous source based upon their effectiveness for transactivation, DNA 
binding or chemical ligand binding. The domains of the chimeric receptor polypeptide may 
also be obtained from any organism, such as plants, insects and mammals which have 
similar transcriptional regulating functions. In one embodiment of the invention, these 
domains are selected from other members of the steroid and thyroid hormone superfamily 
of nuclear receptors. Chimenc receptor polypeptides as provided herein offer the advantage 
of combining optimum transactivating activity, complementary binding of a selected 
chemical ligand and recognition of a specific response element. Thus, a chimenc 
polypeptide may be constructed that is tailored for a specific purpose. These chimenc 
receptor polypeptides also provide improved functionality in the heterologous environment 
of a plant cell. 

It is also considered a part of the present invention that the transactivation, [igand-bmding 
and DNA-bmd.ng domains may be assembled in the chimeric receptor poiypeptide in any 
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actional arrangement. For example, where one subdoma.n of a transaction doma.n ,s 
found at the N-terminal portion of a naturaily-occunng receptor, the ch,rr,enc receptor 
po.yp-pt.de of the present ,nvent;on may include a transact,vat,on subdoma.n at the C- 
,-rm,nus in place of, or in addit.cn to, a subdoma.n at the N-term.nus. Chimenc receptor 
polypeptides as d.sclosed herein may also have multiple domains of the same type, for 
example, more than one transaction doma.n (or two subdomams) per receptor 
polypeptide. 

The ]s3 mUm^2nmi of the receptor polypeptide provides the means by which the 5' 
regulatory reg.on of the target expression cassette is activated in response to the presence 
of a comical ligand. The ecdysone receptor (EcR) from Drosophila is one example of a 
receptor polypept.de where complementary chemical ligands have been identified which 
bind to the ligand binding domain. The steroid hormone ecdysone tnggers coordinate 
changes in tissue development that results in metamorphosis, and ecdysone has been 
shown to bind to EcR. Koelle et al. Cell 67: 59-77, 1991. The plant-produced analog of 
ecdysone, munsterone, also binds to the ligand binding domain of EcR. Other chemicals, 
such as the non-steroidal ecdysone agonists RH 5849 (Wing. Science 241: 467-169 (1988)) 
and tebufenozide, the latter known as the insecticide MIMIC 9 also will act as a chemical 
ligand for the ligand binding domain of EcR. The EcR and its ligand binding domain have 
been found in the present invention to be particularly useful for controlling target 
polypeptide expression in plant cells, as described in the examples below. 
Another receptor from Drosophila. Ultraspirade (USP), also known as "2C. has been 
isolated and cloned, and its ligand binding domain has been identified. (Hennch et al.. 
Nucle,c Acids Research 18: 4143-4148 (1990)). USP is most similar to the steroid receptor 
RXRa which has as a chemical ligand 9-cis-retinoic acid. USP has also been show* to 
form a heterodimer with EcR and to regulate the expression of a target polypeptide in 
transformed mice kidney cells in response to the application of ecdysone. (Evans et al. 
WO 94/01558). The receptor USP and its ligand binding domain have been found ,n the 
present invention to be particularly useful for controlling target polypeptide expression ,n 
plants, as described in the examples below. 

Ligand binding doma.ns for the constructs of ch,menc receptor polypeptides may also be 
obtained from a vanety of other sources. Particularly usefu, sources of hgand binding 
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, w >n "lass II reefer proteins of the steroid and thyroid 
comams include but are not United ,o Uass II rec.„ 

hormone superfamily of nuclear receptors. 

- , co of chemical liaand depend on ^hich l:gand binding domams are present in 
' ^ M ° e 1 ' ny chemica. compound will suffice as long as it is shown to torn, 
the receptor polypeptide.^ one ^ ^ 

CCCUmn5 d ^ Tes Knl compounds a.so f,nd use ,n the present mventio. Partisan, 

usefui sou ;:i e r d id ^ «^ « ^ ^ — ny 

prote ,ns of ^ - an ^ limjted tQ , s8caade5 ^ torm a complenentarv 
use ful — Ms , ndude but are not Umted to 

bindin9 Pa ' r :ln st or Lone antagonists whose function as msec^des can 

"ed to na*ve receptor protems in insects. ,„ add*o, chemicals 

be accbed to the.r bind * afe kpown 3S .^ct^des have 

^ *~ h "^^^ ** — ^ mak ' n9 "** 

teadd :t:r:« - ^ " wth these 

chem.cals raady-to-use tor w teb ufenacine. and RH 

proper.es indude but are not limited to fenoxycarb, CGA o9,205. 

5849. . 

, ^moasses ways of reducing background so that induction .s large 
The .nven.on also en.m as. ^ ^ ^ ^ , 

rela , ve to.esup^d P ^ ^ ^ ^ these 

COmP,emen ^;' n 7, Jive no Knov, funCo, In other cases, there m ay be 
chemical l.ands vv, b, < * ^ ^ ^ 

chemical ligands endogenous to the curre end0 genous 

. . irh ^ bi nd to the ligand binding domain. In order to avoid g 
^pressed wh,c w, ^ binding ^ me expreS sed receptor 

chemical Ugands ,n a he* J of the target gene, it may be des.rable 

polypeptides and un.nten.ona a** P ^ ^ ^ ^ ^ 

,o mutate the coding sequence for the recepto p y. v jn i:ie art , 

chemical l.gand applied exogenously. Useful methods of mutagenesis 
s ,ch as chem,cal mutagenesis or site-directed mutagenesis. 

„„, receptor polypeptides are prepared by PCR mutagene S1 s of the 
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eienents from GAL4 and a member of the steroid and thyroid hormone superfamiiy of 
nuclear receptors. One example is the 5' regulatory region of a target expression cassette 
v,r.;ch comprises the response element from GAL4 and overlaps with the response element 
or 7 3 R. When T 3 R proteins homodimenze in the absence of chemical iigand, they will 
recognize their own response element and bind to it, thereby blocking the adjacent 
response element for GAL4. There is no activation of the 5' regulatory region of the target 
expression cassette in this situation. Upon addition of a complementary figand for T 3 R, the 
hcmcdimer is separated and released from its response element, unmasking the adjacent 
response element for GAL4. Once unmasked, the chimeric receptor polypeptides utilizing 
the DMA binding domain from GAL4 may bind to the response element under appropnate 
dimerization conditions and thereby activate expression of the target polypeptide. 

TrensactiYa.tiQn domains can be defined as amino acid sequences that, when combined 
with the DNA binding domain in a receptor polypeptide, increase productive transcription 
initiation by RNA polymerases. (See generally Ptashne, Nature 335; 683-689 (1988)). 
Different transactivation domains are known to have different degrees of effectiveness in 
their ability to increase transcription initiation, in the present invention it is desirable to use 
transactivation domains which have superior transactivating effectiveness in plant cells in 
order to create a high level of target polypeptide expression in plants in response to the 
presence of a chemical ligand. Transactivation domains which have been shown to be 
particularly effective in the method of the present invention include but are not limited to 
VP16 (isolated from the herpes simplex virus) and C1 (isolated from maize). In one 
preferred embodiment of the present invention, the transactivation domain from VP16 is 
fused to a USP-moiety for use as one monomer of a receptor polypeptide heterodimer for 
controlling target polypeptide expression in plants. A further preferred embodiment is the 
fusion of the transactivation domain from C1 to a EcR-moiety as a monomer. Other 
transactivation domains may also be effective. 

As described above, the method of the present invention can be used to increase gene 
expression over a minimal, basal level. One of the outstanding benefits of the present 
method, however, is that it can also be used for decreasing or inhibiting gene expression, 
i.e., gene repression. Repression can be achieved by the formation of homodimers where 
the half-sites of the response element have an linear onentation distinct from the linear 
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orientation which permits heterodimer binding. Under these conditions, homcdimers bound 
to the 5' regulatory region of the target expression cassette repress gene expression since 
they interfere with the transcription process. Hence, gene repression can be accomplished 
by inclusion in the 5' regulatory region an response element or response elements which 
permit homodimer binding. In one embodiment of the invention, gene repression is 
achieved by binding of a homodimer of USP cr EcR to the 5" regulatory region of a target 
expression cassette which composes a complementary direct repeat half-site. 

Gene repression caused by homodimer binding would be released by addition of a chemical 
ligand which triggers heterodimerization. This heterodimeriz3tion then activates the 5' 
regulatory region of the target expression cassette. For example, in a transgenic plant 
expressing USP and EcR receptor polypeptides and comprising a target expression 
cassette having both a paiindrome half site response element and a direct repeat (or 
inverted repeat) half site response element complementary to the DNA binding domain of 
USP and EcR, the expression of the target polypeptide will be repressed. In the presence of 
tebufenozide, or other chemical ligand which binds to the ligand binding domain of EcR or 
USP, or both, heterodimerization with USP and consequent binding to the other response 
element present occurs, which in turn leads to activation of the 5' regulatory region of the 
target expression cassette. Thus, repression of the target expression cassette would be 
released. 



For expression in plants, suitable promoters must be chosen for both the receptor 
expression cassettes and the target expression cassette. Unless specifically noted, the 
promoters discussed below may be used to direct expression in plants of either the receptor 
polypeptides or the target polypeptide. These, promoters include, but are not limited to, 
constitutive, inducible, temporally regulated, developmentatly regulated, chemically 
regulated, tissue-preferred and tissue-specific promoters. Preferred constitutive promoters 
include but are not limited to the CaMV 35S and 19S promoters (U.S. Patent No. 
5 352 605). Additionally preferred promoters include but are not limited to one of several of 
the actin genes, which are known to be expressed in most cell types. The promoter 
descnbed by McElroy et a!., Mol. Gen. Genet. 231: 150-160 (1991), can be easily 
incorporated into the receptor expression cassettes of the present invention and are 
particularly suitable for use in monocotyledonous hosts. Yet another preferred constitutive 
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promoter is derived from ubiquitin, which is another gene product known to accumulate in 
many cell types. The ubiquitin promoter has been doned from several speaes for use in 
transgenic plants (e.g. sunflower - Binet et al., Plant Science 79: 87-94 (1991); maize - 
Christensen et al., Plant Mclec. Biol. 12: 619-632 (1989)). The maize ubiquitin promoter has 
been developed in transgenic monocot systems and its sequence and vectors constructed 
for transformation of monocotyledonous plants are disclosed in EP-342 926. The ubiquitin 
promoter is suitable for use in the present invention in transgenic plants, especially 
monocotyledons. Further useful promoters are the U2 and U5 snRNA promoters from maize 
(Srown et al., Nucleic Acids Res. 17: 8991 (1989)) and the promoter from alcohol 
dehydrogenase (Dennis et al., . Nucleic Acids Res. 12: 3983 (1984)) 

Tissue-specific or tissue-preferential promoters useful in the present invention in plants, 
particularly maize, are those which direct expression in root, pith, leaf or pollen. Such 
promoters are disdosed in WO 93/07278, herein incorporated by reference in its entirety. 
Also useful are promoters which confer seed-specific expression, such as those disdosed 
by Schemthaner et al., EMBO J. 7: 1249 (1988); anther-spedfic promoters ant32 and 
ant43D disdosed in EP-A-578 611, herein incorporated by reference in its entirety; anther 
(tapetal) spedfic promoter B6 (Huffman et al., J. Cell. Biochem. 17B: Abstract #D209 
(1993)); pistil-spedfic promoters such as a modified S13 promoter (Dzelkalns et al., Plant 
Cell 5:855 (1993)). 

Also useful in the present invention are chemically-induced promoters. Particular promoters 
in this category useful for directing the expression of the receptor polypeptides or target 
polypeptide in plants are disdosed, for example, in EP-A-332 104, herein incorporated by 
reference in its entirety. 

The 5' regulatory region of either the receptor expression cassette or the target expression 
cassette may also include other enhancing sequences. Numerous sequences have been 
found to enhance gene expression in transgenic plants. For example, a number of non- 
translated leader sequences derived from viruses are known to enhance expression. 
Spedfically, leader sequences from Tobacco Mosaic Virus (TMV, the "resequence"), Maize 
Chlorotic Mottle Virus (MCMV), and Alfalfa Mosaic Virus (AMV) have been shown to be 
effective in enhandng expression (e.g. Gallie et al. Nucl. Acids Res. 15: 8693-8711 (1987): 
Skuzeski et al. Plant Molec. Biol. 15: 65-79 (1990)). Other leaders known in the art include 
but are not limited to: 
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• Piccmavirus leaders, for example, EMCV leader (Encephalomyocarditis 5' noncoding 
region) (Elroy-Stem, O., Fuerst. T.R., and Moss. 8. PNAS USA 86:6126-6130 (1989)); 

« Poryvirus leaders, for example, TEV leader (Tobacco Etch Virus) (Allison et aL, (1986); 
MDMV leader (Maize Dwarf Mosaic Virus); Virology, 154:9-20); 

• Human immunoglobulin heavy-chain binding protein (BiP) leader, (Macejak, D.G., and 
Samow, P., Nature, 353: 90-94 (1991); 

• Untranslated leader from the coat protein mRNA of alfalfa mosaic virus (AMV RNA 4), 
(Jobiing, S.A., and Gehrke, L, Nature, 325:622-625 (1987); 

• Tobacco mosaic virus leader (TMV), (Galiie, D.R. et al., , Molecular Biology of RNA, 
pages 237-256 (1989); and 

• Maize Chlorotic MottJe Virus leader (MCMV) (Lommel, S.A. ei at., Virology, 81:382-385 
(1991). See also, Delta-Cioppa et aL, Plant Physiology, 84:965-968 (1987). 

Various intron sequences have been shown to enhance expression when added to the 5' 
regulatory region, particularly in monocotyledonous cells. For example, the introns of the 
maize Adh1 gene have been found to significantly enhance the expression of the wild-type 
gene under its cognate promoter when introduced into maize cells (Cailis et aL, Genes 
Develep 1: 1183-1200(1987)). 

In addition to promoters, a variety of 3' transcriptional terminators are also available for use 
in the present invention. Transcriptional terminators are responsible for the termination of 
transcription and correct mRNA polyadenylation. Appropriate transcriptional terminators and 
those which are known to function in plants include the CaMV 35S terminator, the tml 
terminator, the nopaline synthase terminator, the pea rbcS E9 terminator and others known 
in the art. These can be used in both monocotyledons and dicotyledons. 

In addition to incorporating one or more of the aforementioned elements into the 5' 
regulatory region of a target expression cassette, other elements peculiar to the target 
expression cassette may also be incorporated. Such elements include but are not limited to 
a minimal promoter. By minimal promoter it is intended that the basal promoter elements are 
inactive or nearly so without upstream activation. Such a promoter has low background 
activity in plants when there is no transactivator present or when enhancer or response 
element binding sites are absent. One minimal promoter that is particularly useful for target 
genes in plants is the Bz1 minimal promoter which is obtained from the bronzel gene of 
maize. The Bz1 core promoter was obtained from the "myc" mutant Bzl-luciferase construct 
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poz1LucR98 via cleavage at the Nhel site located at -53 to -58. Roth etai., Plant Cell 3: 317 
(1991). The derived Bz1 core promoter fragment thus extends from -53 to +227 and 
includes the Bz1 intron-1 in the 5' untranslated region. 

The expression cassettes of the present invention can be introduced into the plant ceil in a 
number of art-recognized ways. Those skilled in the art will appreciate that the choice of 
method might depend on the type of plant, i.e. monocotyledonous or dicotyledonous, 
targeted for transformation. Suitable methods of transforming plant cells include, but are not 
limited to, microinjection (Crossway et al., BioTechniques 4:320-334 (1986)), eiectroporation 
(Riggs et al., Proc. Natl. Acad. Sci. USA 83:5602-5606 (1986), Agrobacterium-mediated 
transformation (Hinchee et al., Biotechnology 6:915-921 (1988)), direct gene transfer 
(Paszkowski et al., EMBO J. 3:2717-2722 (1984)), and ballistic particie acceleration using 
devices available from Agracetus, Inc., Madison, Wisconsin and BioRad, Hercules, 
California (see, for example, Sanford et al., U.S. Patent 4,945,050; and McCabe et al., 
Biotechnology 6:923-926 (1988)). Also see, Weissinger et al., Annual Rev. Genet. 
22:421-477 (1988); Sanford et a!., Particulate Science and Technology 5:27-37 

(1987) (onion); Christou et al., Plant Physiol. 87:671-674 (1988)(soybean); McCabe et al., 
Biotechnology 6:923-926 (1938)(soybean); Datta et al., Biotechnology 8:736-740 
(1990)(rice); Klein et al., Proc. Natl. Acad. Sci. USA, 85:4305-4309 (1988)(maize); Klein et 
al., Biotechnology 6:559-563 (1988)(maize); Klein et al., Plant Physiol. 91:440-444 

(1988) (maize); Fromm et al., Biotechnology 8:833-839 (1990)(maize); and Gordon-Kamm 
et al., Plant Cell 2:603-618 (1990)(maize); Svab et al., Proc. Natl. Acad. Sci. USA 87: 8526- 
8530 (1990)(tobacco chloroplast); Koziel et al., Biotechnology 11: 194-200 (1993)(maize); 
Shimarnoto et al., Nature 338: 274-277 (1989)(rice); Christou et al., Biotechnology 9: 957- 
962 (1991)(nce); European Patent Application EP-332 581 (orchardgrass and other 
Pooideae); Vasil et al., Biotechnology 11: 1553-1558 (1993)(wheat); Weeks et al., Plant 
Physiol. 102: 1077-1084 (1993)(wheat). 

One particularly preferred set of embodiments for the introduction of the expression 
cassettes of the present invention into maize by microprojectile bombardment is described 
in Koziel et al, Biotechnology 11: 194-200, 1993, herein incorporated by reference in its 
entirety. An additional preferred embodiment is the protoplast transformation method for 
maize as disclosed in European Patent Application EP-292 435. as well as in EP-A-292 
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435. hereby incorporated by reference in its entirety. One particularly preferred set of 
embodiments for the introduction of the sxorass.on cassettes of the present invention into 
wheat by rn.croproject.le bombardment can be found in WO 94/13822. herein incorporated 
by reference in its entirety. 

Transformation of plants can be undertaken with a single DNA molecule or multiple DNA 
molecules (i.e. co-transformation), and both these techniques are suitable for use with the 
expression cassettes of the present invention. Numerous transformation vectors are 
available for plant transformation, and the expression cassettes of this invention can be 
used in conjunction with any such vectors. The selection of vector will depend upon the 
preferred transformation technique and the target species for transformation. 
Many vectors are available for transformation using Agrobacterium tumefaciens. These 
typically carry at least one T-DNA border sequence and include vectors such as pBiMIS 
(Sevan, Nud. Acids Res. (1934)). In one preferred embodiment, the expression cassettes of 
the present invention may be inserted into either of the binary vectors P CIB200 and 
P CIB2001 for use with Agrobacterium. These vector cassettes for Agrobacterium-mediated 
transformation wear constructed in the following manner. pTJS75kan was created by Narl 
digestion of pTJS75 (Schmidhauser & Helinski, J Bacterid. 164: 446-455 (1985)) allowing 
excision of the tetracycline-resistance gene, followed by insertion of an Accl fragment from 
pUC4K carrying an NPTII (Messing & Vierra, Gene 19: 259-268 (1982): Bevan et al., Nature 
304: 184-187 (1983); McBride et al.. Plant Molecular Biology 14: 266-276 (1990)). Xhol 
linkers were ligated to the EcoRV fragment of P CIB7 which contains the left and right T- 
DNA borders, a plant selectable nos/nptll chimeric gene and the pUC polylinker (Rothstein 
et al. Gene 53: 153-161 (1987)), and the Xhol-digested fragment was cloned into Sail- 
digested P TJS75kan to create pCIB200 (see also EP-332 104, example 19). P CIB200 
contains the following unique polylinker restriction sites: EcoRI, Sstl. Kpnl. Bglll. Xbal. and 
Sail. The plasmid P C1B2001 is a denvative of pCIB200 which was created by the insertion 
into the polylinker of additional restriction sites. Unique restnction sites in the polylinker of 
PCIB2001 are EcoRI, Sstl, Kpnl, Bglll, Xbal, Sail, Mltil. Bell, Avrll, Apal. Hpal. and Stul. 
DCIB2001 in addition to containing these unique restnction sites also has plant and 
bacterial kanamycin selection, left and nght T-DNA borders for Agrobactenum-med.ated 
transformation, the RK2-denved trfA function for mobilization between E. coli and other 
hosts, and the OriT and OnV functions also from RK2. The P CIB2001 polylinker is suitable 
for the cloning of plant expression cassettes containing their own regulatory signals. 
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An additional vector useful for Agrobactenum-mediated transformation is tne binary vector 
pCISIO. which contains a gene encoding kanamyan resistance for selection in plants, T- 
DNA right and left border sequences and incorporates sequences from the wide host-range 
piasmid pRK252 allowing it to replicate in both E. ccii and Agrobactenum. Its •construction is 
described by Rcthstein et a!.. Gene 53: 153-161 (1937). Various denvatives of pCIBIO have 
been constructed which incorporate the gene for hygromycin B phosphotransferase 
described by Gritz et al., Gene 25: 179-188 (1983). These denvatives enable selection of 
transgenic plant cells on hygromycin only (pCIB743), or hygromycin and kanamycin 
(pCiB715 t pCiB717). 

Methods using either a form of direct gene transfer or Agrobactenum-mediated transfer 
usually, but not necessarily, are undertaken with a selectable marker which may provide 
resistance to an antibiotic (e.g., kanamycin, hygromycin or methotrexate) or a herbicide 
(e.g., phosphinothncin). The choice of selectable marker for plant transformation is not, 
however, critical to the invention. 

For certain plant species, different antibiotic or herbicide "selection markers may be 
preferred. Selection markers used routinely in transformation include the nptil gene which 
confers resistance to kanamycin and related antibiotics (Messing & Vierra, Gene 19: 259- 
268 (1982); Sevan et al., Nature 304:184-187 (1983)), the bar gene which confers 
resistance to the herbicide phosphinothncin (White et al., Nud Acids Res 18: 1062 (1990), 
Spencer et al., Theor Appl Genet 79: 625-631(1990)), the hph gene which confers 
resistance to the antibiotic hygromycin (Blochinger & Diggelmann, Mol Cell Biol 4: 2929- 
2931), and the dhfr gene, which confers resistance to methotrexate (Bourouis et al., EMBO 
J. 2: 1099-1104 (1983)). 

One such vector useful for direct gene transfer techniques in combination with selection by 
the herbicide Basta (or phosphinothncin) is pCiB3064. This vector is based on the piasmid 
pClB246, which comprises the CaMV 35S promoter in operational fusion to the E. coli GUS 
gene and the CaMV 35S transcriptional terminator and is described in the published PCT 
application WO 93/07278, herein incorporated by reference. One gene useful for confemng 
resistance to phosphinothncin is the bar gene from Streptomyces vindochromogenes 
(Thompson et al., EMBO J 6: 2519-2523 (1987)). This vector is suitable for the cloning of 
plant expression cassettes containing their own regulatory signals. 
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An additional transformation vector is pSOG35 which utilizes the E. coli gene dihydrofolate 
reductase (DHFR) as a selectable marker conferring resistance to methotrexate. PCR was 
used to amplify the 35S promoter (-800 bp), intron 6 from the maize Adh1 gene (-550 bp) 
and 18 bp of the GUS untranslated leader sequence from pSOGIO. A 250 bp fragment 
encoding the E. coli dihydrofolate reductase type 11 gene was also amplified by PCR and 
these two PCR fragments were assembled with a Sacl-Pstl fragment from pBi221 
(Clontech) which comprised the pUC19 vector backbone and the nopaline synthase 
terminator. Assembly of these fragments generated pSOG19 which contains the 35S 
promoter in fusion with the intron 6 sequence, the GUS leader, the DHFR gene and the 
nopaline synthase terminator. Replacement of the GUS leader in pSOG19 with the leader 
sequence from Maize Chlorotic Mottle Virus check (MCMV) generated the vector pSOG35. 
pSOG19 and pSOG35 carry the pUC-derived gene for ampiciilin resistance and have 
Hindlll, SphI, Pstl and EcoRI sites available for the doning of foreign sequences. 

One of the advantageous aspects of the present invention is its use in the control of plant 
fertility under field conditions. Effective fertilization results from the formation of viable 
zygotes and can be measured as the percentage of seeds forming viable zygotes. 
According to the present invention fertility can be controlled by incorporating a nucleotide 
sequence encoding an appropriate target into the target expression cassette, wherein the 
expression of said target polypeptide interferes with plant fertility, meaning that it statistically 
reduces or increases plant fertility. In a preferred embodiment of the invention said target 
polypeptide renders the fertilization process ineffective, meaning that the formation of viable 
zygotes will be impeded or prevented. Such ineffective fertilization can be measured as the 
percentage of seeds not forming viable zygotes and may be caused by a variety of means. 
These include but are not limited to, 1) disruption or alteration of those processes which are 
critical to formation of viable gametes, 2) pollen or ovules that, if formed, are not functional, 
or 3) failure of the embryo sac, pistil, stigma or transmitting tract to develop properly. In the 
present invention, a chemical ligand is applied to transgenic plants under field conditions, 
wherein the expression of a target polypeptide is activated, whereby fertilization is rendered 
ineffective, in another embodiment of the present invention expression of said target 
polypeptide increases or restores the fertility of a plant. 

It is recognized that differing degrees of effective or ineffective fertilization can be achieved 
with the present invention. In a preferred embodiment more than 80% and more preferably 
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mere than 95% of ineffective fertilization can be achieved. The ability to provide variability in 
tne level of fertility allows the inventjon to be tailored for a vanety of agncultural purposes. 

Useful coding sequences for the target polypeptide indude but are not limited to any 
sequence which encodes a product capable of rendenng fertilization ineffective. These 
coding sequences can be of either a homologous or heterologous origin. The gene products 
cf these coding sequences indude, but are net limited to: 

• Dtphthena Toxin A-chain (DTA), which inhibits protein synthesis, Greenfield et al., Proc. 
Natl. Acad., Sd.:USA, 80:6853 (1983); Palmiter et al., Cell, 50:435 (1987); 

» Pectate lyase pelE from Erwinia chrysanthemi EC16, which degrades pectin, causing cell 
lysis. Keen et al., J. Bacteriology, 168:595 (1986); 

• T-urf13 (TURF-13) from cms-T maize mitochondrial genomes; this gene encodes a 
polypeptide designated URF13 which disrupts mitochondrial or plasma membranes. 
Braun et al, Plant Cell, 2:153 (1990); Dewey et al., Proc. Natl. Acad. Sd.:USA, 84:5374 
(1987); Dewey et al., Cell, 44:439 (1986); 

• Gin recombinase from phage Mu a gene, which encodes a site-spedfic DNA 
recombinase which will cause genome rearrangements and loss of cell viability when 
expressed in cells of plants. Maeser et al., Mol. Gen. Genet., 230:170-176 (1991); 

o indole acetic add-lysine synthetase (iaaL) from Pseudomonas syringae, which encodes 
an enzyme that conjugates lysine to indoleacetic acid (IAA). When expressed in the cells 
of plants, it causes altered developments due to the removal of iAA from the cell via 
conjugation. Romano et al., Genes and Development, 5:438-446 (1991); Spena et al., 
Mol. Gen. Genet, 227:205-212 (1991); Roberto et al., Proc. Natl. Acad. Sci.rUSA, 
87:5795-5801; 

■ Ribonuclease from Bacillus amyloliquefaciens, also known as bamase, digests mRNA in 
those cells in which it is expressed, leading to ceil death. Mariant et al., Nature 347: 737- 
741 (1990); Mariani et al.. Nature 357: 384-387 (1992); and, 

• CytA toxin gene from Bacillus thuringiensis israeliensis which encodes a protein that is 
mosquitocidal and hemolytic. When expressed in plant cells, it causes death of the cell 
due to disruption of the cell membrane. McLean et al, J. Bacteriology, 169:1017-1023 
(1987); Ellar et al., United States Patent No. 4,918,006 (1990). 

• Such polypeptides also include Adenine Phosphoribosyltransferase (APRT) Moffatt and 
Somerville, Plant Physiol., 86:1150-1154 (1988); DNAse, RNAse; protease; salicylate 
hydroxylase; etc. 
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It is further recognized that the target expression cassette may comprise a 5' regulatory 
region operably linked to a nucleotide sequence which, when transcribed, produces an 
antisense version of a coding sequence critical to the formation of viable gametes, such as 
APRT. Alternately, ribozymes can be utilized which target mRNA from a gene which is 
cntical to gamete formation or function. Such ribozymes will comprise a hybridizing region of 
about nine nucleotides which is complementary in nucleotide sequence to at least part of 
the target RNA and a catalytic region which is adapted to cleave the target RNA. Ribozymes 
are descnbed in EP-321 201 and WO 88/04300 herein incorporated by reference. See. also 
Haseloff and Gertach, Nature, 334:585-591 (1988); Fedorand Uhlenbeck. Proc. Natl. Acad. 
Sri.: USA, 87:1668-1672 (1990); Cech and Bass, Ann. Rev. Biochem., 55:599-629 (1986); 
Cech. T.R.. 236:1532-1539 (1987); Cech, T.R. Gene, 73:259-271 (1988); and, Zang and 
Cech, Science. 231:470-475 (1986). 

It is recognized that the above nucleotide sequences encoding a target polypeptide can 
also be operably linked to a 5' regulatory sequence which directs its expression in a tissue- 
or cell-specific manner. The means to provide such tissue- or cell-specific expression has 
been described above. This specificity in expression ensures that the effect of the target 
polypeptide will be exerted only on those tissues or cells which are necessary for the 
formation of viable gametes and will not be deleterious to the plant beyond its affect on 
fertility. 

It is recognized as within the scope of the invention that either male fertility of the transgenic 
plants, female fertility of the transgenic plants, or both, may be controlled. Male sterility is 
the failure or inability to produce functional or viable pollen. Male sterility may result from 
defects leading to the non-formation of pollen or to the lack of functional ability in the pollen 
when it is formed. Therefore, either pollen is not formed or, if formed, it is either non-viable 
or incapable of effective fertilization under normal conditions. 

Female sterility is the failure or inability to produce functional or viable megaspores or 
embryo sacs, or other tissues required for pollen germination, growth or fertilization. Female 
sterility may result from defects leading to the non-formation of the megaspores or embryo 
sac. or failure of the ovary, ovule, pistil, stigma, or transmitting tract to develop properly. 
Therefore, either a v,able embryo sac fails to develop, or if formed, it is incapable of 
effective fertilization under normal conditions. 
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Fcr example, a transgenic plant can be obtained which expresses the EcR and USP 
recectcr polypeptides in anthers using an anther-specific promoter fused to the apprcpnate 
nucleotide sequences. In addition, the transgenic plant will further comprise a target 
expression cassette having a 5' regulatory sequence comprising tne appropnate response 
element sequence with the core promoter elements from Brl . cperably linked to the coding 
sequence for the nbonuciease bamase. Upon application of tebufenczide as chemical 
iigand to the transgenic plant, hetarodimenzation of the EcR and USP receptor polypeptides 
occurs, activating the 5* regulatory sequence of the target expression cassette and with 
subsequent production of the target polypeptide bamase. The resulting expression of 
bamase specifically in the anthers causes cell death and consequent male sterility. A similar 
combination of receptor polypeptides and target expression cassette, using a pistil-specific 
promoter operably linked to the nucleotide sequences encoding the receptor polypeptides, 
can produce female sterility. 

Alternatively, the plant could be engineered wherein expression of the target polypeptide 
restores fertility to a male-sterile or female-sterile plant For example, a plant couid be 
obtained that expressed the bamase gene under control of the Ant43D, Ant32 or B6 
promoters, or as described in Mariani et aL, Nature 347: 737-741 (1990) and Mariani et aL, 
Nature 357: 384-387 (1992), under control of the TA29 promoter These plants would 
additionally comprise the receptor expression cassettes which express trie EcR and USP 
receptor polypeptide from either the same anther-specific promoter or from a constitutive 
promoter such as maize ubiquitin, 35S or rice actin. These plants would further comprise a 
target expression cassette having a 5' regulatory sequence comprising the appropriate 
response element sequence with the core promoter elements from Bz1, operably linked to 
the coding sequence for the bamase inhibitor barstar. The plants would be male-sterile, but 
upon application of tebufenozide as a chemical iigand, heterodimerization of USP and EcR 
receptor polypeptides would occur, resulting in activation of the 5' regulatory sequence of 
the target expression cassette and production of the target polypeptide barstar. Barstar 
would inhibit the ribonuclease activity of the bamase polypeptide, and anther and pollen 
development would proceed normally. Fertility would be restored. 

A similar approach could be used to control female sterility. By utilizing promoters specific 
for expression in the female reproductive tissues to dnve bamase expression instead of the 
anther-specific promoters, female-sterile plants would be obtained. Induction by chemical 
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ligand of the target expression cassette comprising the barstar coding sequence would 
result in restoration of female fertility. 

Plant propagation material (fruit, tuber, grains, seed) and expecially seed is customarily 
treated with a protectant coating comprising herbicides, insecticides, fungicides, 
bactencides, nematodes, molluscicides or mixtures of several of these compounds. If 
desired these compounds are formulated together with further carriers, surfactants or 
application-promoting adjuvants customarily employed in the art of formulation to provide 
protection against damage caused by bacterial, fungal or animal pests. 
In order to treat the seed, the protectant coating may be applied to the seeds ei^ar by 
impregnating the tubers or grains with a liquid formulation or by coating them *vith a 
combined wet or dry formulation. In special cases other methods of application to plants are 
possible such as treatment directed at the buds or the fruit. 

A plant seed according to the invention may be treated with a seed protectant coating 
comprising a seed treatment compound such as captan, carboxin, thiram (TMTD°), 
methaiaxyl (Apron*), pirimiphos-methyl (Actellic 0 ) and others that are commonly used in 
seed treatment, it is thus a further object of the present invention to provide plant 
propagation material and especially seed treated with a seed protectant coating customarily 
used in seed treatment 

The above approaches could utilize any female- or male-sterility gene for which a restorer 
gene could be devised. Other potential restorer genes are described in European Patent 
Application EP-412 911. 

Therefore, the present invention can be used in any plant which can be transformed and 
regenerated to obtain transgenic plants in which male and/or female sterility can be 
controlled by the application of the appropriate chemical ligand. The control of plant fertility 
is particularly useful for the production of hybrid seed. In order to produce hybrid seed 
uncontaminated with selfed seed, pollination control methods must be implemented to 
ensure cross-pollination and not self-pollination. This is usually accomplished by 
mechanical, genetic or chemical hybridizing agents (CHAs). For example, in maize the 
current practice is mechanical detasseling of the female (or seed) parent, which is a time 
consuming and labor intensive process. In wheat, controlling fertility by mechanical means 
is impractical on a seed production scale, and genetic sources of control are not 
established. The use of the present invention in the production of hybrid seed offers the 
advantages of reliability, ease of use and control of either male or female fertility. 
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The transgenic plants containing the appropnate receptor exoression cassettes and target 
expression cassette can be made homozygous and maintained indefinitely. To obtain hybrid 
seed, homozygous lines of Parent 1 and Parent 2 are crossed. In one example of using the 
present invention to produce hybnd seed, Parent 1 is engineered to be male stenle in the 
presence of the appropriate chemical iigand wnereas Parent 2 is engineered to be female 
stenle in the presence or an appropnate chemical Iigand. After application of an appropnate 
chemical Iigand, which is determined by the choice of iigand binding dcmain present in the 
receptor polypeptides, the only successful seed production will be a result of Parent 2 
pollen fertilizing Parent 1 ovules. In a second example of using the present invention, 
Parent 1 is engineered to be male-sterile in the absence of the appropnate chemical Iigand 
and Parent 2 is engineered to be female stehie in the absence of the chemical iigand. The 
appropriate chemical is applied to maintain each line through self-fertilization. To produce 
hybrid seed, the two parent lines are interpianted, and only hybrid seed is obtained. Fertility 
is restored to the progeny hybrid plants by an introduced restorer gene. By these means 
any desired hybrid seed may be produced. 



The following examples further describe the materials and methods used in carrying out the 
invention and the subsequent results. They are offered by way of illustration, and their 
recitation should not be considered as a limitation of the claimed invention. 



Example 1: Construction of a Plant-Expressibie Receptor Expression Cassette 
Encoding the Ecdysone Receptor 

The DNA coding region for the Ecdysone Receptor (EcR) of Drosophila was isolated from a 
cDNA library derived from Canton S pupae (day 6) prepared in Xgt11 (Clontech, cat. no. IL 
1005b), and from fragments generated by genomic PCR with oligonucleotides designed 
from the published sequence of the B1 isoforrn of the EcR (Koeiie et al., Cell 67:59, 1991). 
The B1 isoforrn EcR sequence was confirmed by automated sequence analysis using 
standard methods and alignment with the published sequence (Talbot et ai., Cell 73:1323. 
1993). The expressed fuil length EcR coding region was modified to contain a BamHI site 
immediately upstream from the start codon using the oligonucleotide SF43 (5'-CGC GGA 
TCC TAA ACA ATG AAG CGG CGC TGG TCG AAC AAC GGC-3': SEC ID NO:1) in a PCR 
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reaction. The plant expression vectors pMF6 and pMF7 contain a Cauliflower Mosaic Virus 
35S promoter (CaMV 35S). a maize Adh1 Intronl, and a nopaline synthetase poly- 
adenytation and termination signal (See Goff et al., Genes and Development 5:298, 1991). 
The vectors pMF6 and pMF7 differ only in the orientation of the polylinker used for insertion 
of the desired coding sequence. The full length EcR coding sequence was ligated into the 
plant CaMV 35S expression vector pMF6 by using the flanking BamHI restriction sites. This 
receptor expression cassette is referred to as 35S/EcR. 



Example 2: Construction of a Plant-Expressible Receptor Expression Cassette 
Encoding the Ultraspiracle Receptor 

The cDNA encoding the native Ultraspiracle receptor (USP) of Drosophila is described by 
Henrich et al.. Nucleic Acids Research 18:4143 (1990). The full length USP coding 
sequence with the flanking 5' and 3" untranslated regions was ligated into the plant 
expression vector pMF7 (described in Example 1) using the flanking EcoRI restriction sites. 
This receptor expression cassette is referred to as 35S/USP. 



Example 3: Construction of a Receptor Expression Cassette having the DNA Binding 
Domain from GAL4 and the Ligand Binding Domain from EcR 

A receptor expression cassette was constructed where the DNA binding domain of EcR is 
replaced by the DNA binding domain of GAL4 fused at the N-termina! position. The DNA 
coding region for the EcR of Drosophila was obtained as described in Example 1. The 
coding sequence for the DNA binding domain of GAL4 was subcloned from plasmid 
pMA210. Ma and Ptashne, Cell, 48: 847 (1987). 

A receptor expression cassette encoding a GAL4-EcR chimeric receptor polypeptide was 
constructed by fusion of the DNA binding domain of GAL4 to the ligand binding domain and 
carboxy terminus of EcR. To make the fusion, the oligonucleotide SF23 (5'-CGC GGG ATC 

CAT GCG GCC GGA ATG CGT CGT CCC G-3'; SEQ ID NO:2) was used to introduce by 
PCR a BamHI site into the cDNA sequence for EcR at the nucleotide position equivalent to 
am.no ac.d residue 330 (immediately following the EcR DNA-binding domain). The resulting 
truncated EcR coding sequence (EcR 3 - 47 *) was subcloned into the plasm.d P KS + 

(Stratagene) 
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subclone of GALA was obtained from plasmid pMA210 which contained the coding 
sequence of the DNA binding domain (ammo acids 1-147) by subcloning the ammo 
terminus of GAL4 to the Cla! site into P SK+ (Stratagene) as previously described (Goff et 
al.. Genes and Development 5:298, 1991). This plasmid was designated pSKGAI_2, and 
was cut with Clal and Kpnl and the following double stranded oligonucleotide was inserted: 

5'- CGGGGGATCCTAAGTAAGTAAGGTAC-3' (SEQ 13 NO: 10) 

I I I I I I I M I I I I I M I I I I 
3'- CCCCTAGGATTGATTCATTC - 5' (SEQ ID MO: In 

The resulting plasmid was designated P SKGAL2.3. The complete fusion 35S/GAL4- EcR 23 * 
37S was generated using the BamHI sites in the polylinkers flanking the DNA binding domain 
of GAL4 in pSK + and the EcR 330 " 378 moiety in P KS+. These coding sequences were ligated 
into the rnonocot expression vector pMF6 (described in Example 1) via the use of the 
flanking EcoRI restriction sites. This receptor expression cassette is referred to as 
SSS/GALA-EcR 33 ^ 78 . 



Example 4: Construction of a Plant-Expressible Receptor Expression Cassette 
having the Ligand Binding Domain from Ultraspiracle and the Trans- 
activation Domain from VP16 

A receptor expression cassette was constructed which comprises the ligand binding domain 
of USP with the transaction domain of VP16 fused to either the N-terminus or C- 
terminus of the USP polypeptide. 

To construct the receptor expression cassette encoding a chimeric polypeptide having the 
transaction domain of VP16 at the C-terminal position, the cartooxy-terminus and stop 
codon of the cDNA for the receptor USP (described in Example 2) were removed by 
subcloning into pKS + (Stratagene) using the Xhol site at USP nucleotide number 1471 of 
the coding sequence. The resulting USP subclone encoding amino acids 1 to 490 was 
fused to the transaction domain of VP16 using the flanking Kpnl restriction site of the 
USP subclone, and the Kpnl site of P SJT1193CRF3 which encodes the carOoxy-term.nal 80 
amino acids of VP16 (Tnezenberg et al„ Genes and Develop. 2: 718-729 (1988)). The 
resulting USP-VP16 fusion was cloned into the CaMV 35S plant expression vector P MF7 
(descnbed ,n Example 1) using the EcoRI and BamHI restnct.on enzyme sites flanking the 
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coding sequence of USP-VP16. This receptor expression cassette is referred to as 
35S/USP-VP16. 

The USP derivative with the transcriptional activat.cn domain fused to the amino-terminus 
_ constructed by fln* engineenng a BamH, s.te adjacent to the USP 
ol , g onuc,eo.de SF42 (,-CGC GGA TCC ATG GAC AAC TGC GAC CAG GAC-3 ; S O 0 
NO-3) in a PGR reaction. The stop codon in VP16 was elim.nated and a flanking BamH, s.te 
, ntr0 duced us.ng the oi.gonudeo.de SF37 (5'-GCG GGA TCC CCC ACC GTA CTC GTC 
AAT TC 3- SEQ ID NO'4) and a start codon with a plant consensus sequence .mmed.ately 
upstream of the start codon as we., as a BamH, s.te was Produced at the 
end using the oligonucleo.de SA115 (,-GTC GAG CTC TCG GAT CCT AAA ACA ATG 
GCC CCC CCG ACC GAT GTC-3-, SEQ ,D N0:5) as pnmers in a PGR reason. The 
resulting VP16 activation domain and USP coding sequence (encoding amino acds 1 to 
507) were joined in frame by the adjacent BamH, sites, and *e VP16-USP coding 
sequence was inserted into the CaMV 35S plant expression vector P MF7 by the 5' BamH, 
and 3' EcoR, sites. This receptor expression cassette is referred to as 35S/VP16-USP. 



Domain from the C1 Regulatory Gene of Maize 

The EcR*"»-C1 fusion was generated by placing a star, codon immediate* before the 
ECR DNA binding domain the digonudeoade SF30 eXGC-GGA-TCC-ATG-GGT- 
CGC GAT-GAT-CTC-TCG-CCT-TC-3'; SEQ ID NCW» used in a PCR reaction on the full 
length EcR coding seguence. The coding seguence for the transanal 
( am,no adds 219-273, 0. me maae C1 pro.ein ,Goff e, a, Genes and Deve* 5: 2 8-309 
,991,) was fused in frame to the coding sequence for amino acids 5, to 825 o, EcR 
ECR Kpn, ,es,hcaon enzyme site,. The 01 transaction doma,n 
po,y,in te r ending VPGPPSRSRVS.SLHA (SEQ ID ftO:9, The 353/EcR -C1 pi n 
Ipression vector fusion was conned by insertion o, a BamH, .ragmen, cany,ng the 
coding seguence into the pMF7 »ec,or. This receptor expression casse.e ,s referred ,o 
SSS/EcR^'-CI 
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Example 6" Construction of a Receptor Expression Cassette having the DMA Binding 
Domain from GAL4, the Ligand Binding Domain from EcR and the Trans- 
activation Domain from the C1 Regulatory Gene of Maize 

A GAL4- EcR^^^-CI fusion was constructed using the GAL4- EcR 33 "' 3 construct 
described in Example 3 and the EcR-^-Cl construct of Example 5. The sequence of the 
EcR coding region (starting at amine aad 456) was exchanged at the Aatil site. This 
receptor expression cassette is referred to as 35S/GAL4-EcR~^ -C1. 



Example 7: Construction of a Plant-Expressible Receptor Expression Cassette 
Encoding the Retinoic X Receptor (RXR) 

The mouse Retinoic Acid Receptor a Isofomn was doned by PCR amplification of first 
strand mouse iiver cDNA using primers directed against the sequence described by 
Chambon ef a/. (Genbank Accession M84817; Purification, cloning, and RXR identity of the 
HeLa cell factor with which RAR or TR heterodimerizes to bind target sequences efficiently, 
Cell 68, 377-395 (1992)). The RXRa PCR fragment was generated using the 
oligonucleotides dTx and SF165 (S'-CGC GGA TCC ATG GAC ACC AAA CAT TTC CT-3'; 
SEQ ID NO:12) or SF167 (5-CGC GGA ATT CTA AAC AAT GGA CAC CAA ACA TTT 
CCT-3'; SEQ ID NO:13). The resulting PCR products were digested with Nsi\ (which cuts in 
the 3' untranslated region of the amplified RXR cDNA), and a site in the 5' oligonucleotide 
primer (BamHI for SF165 or EcoRI for SF167) and subcioned into pUC21. The SF167 
primer contains a plant consensus start codon for RXRa. An expressed RXRa coding 
sequence was generated by subdoning the doned RXRa coding region with the plant 
consensus start codon into a CaMV 35S expression vector (pMF7) via flanking 5' EcoRI and 
3* Bgl\\ restriction enzyme sites. This receptor expression cassette is referred to as 
35S/RXR. 



Example 8: Construction of a Plant-Expressible Receptor Cassette Encoding the 
RXR Receptor and the Transactivation Domain from VP16 

A RXRa denvative with the transcriptional activation domain from VP16 fused to the ammo- 
terminus was constructed utilizing the BamHI site adjacent to the RXRa coding region 
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described in Example 7. The stop codon in VP16 was eliminated and a flanking SamHI site 
introduced as descnbed in Example 4 above. The resulting VP16 activation domain and 
RXRa coding sequence (encoding amino acids 1 to 468) were joined in frame by the 
adjacent BamHI sites, and the VP16- RXRa coding sequence was inserted into the CaMV 
35S plant expression vector P MF7 by the flanking 5' EcoRI and 3' BglU sites. This receptor 
expression cassette is referred to as 35S/VP16-RXR. 



Examples Construction of a Plant-Expressible Receptor Cassette Encoding the 
Example ^ Receptor and the Transaction Domain from the C1 Regulatory 

Gene of Maize 

A RXRa denvat.ve with the maize C1 transcriptional activation domain fused to the carboxy- 
terminus was constructed by first eliminating the stop codon for RXRa and inserting a BglU 
restriction site for in frame fusion to C1 using the oligonucleotide SF170 (S-CGC AGA TCT 
GGG TGG CTT GAT GTG GTG CCT C-3'; SEQ ID NO:14) in a PGR amplification reaction 
together with the internally-binding oligonucleotide SF168 (5'-CTC TTC ACT CTT GTG 
GAG TG-3'; SEQ ID NO:15). The resulting PCR fragment was digested at internal SamHI 
and flanking Bgl/f restriction enzyme sites and cloned into pUC21 digested with BamHI and 
flo/ll. This subclone was digested with the flanking Notl and BamHI sites and the amino- 
terminal coding sequences of RXRa were inserted to regenerate the intact coding 
sequence of RXRa with a plant consensus start codon (as described in example 7 above) 
and the stop codon removed. The activation domain from the maize C1 transcriptional 
activator was prepared by PCR using the oligonucleotide primers SF140 (5'-CGC AGA TCT 
TGG ACG AGC CGT GCT TCT CCG GC-3'; SEQ ID NO:18) and the forward universal 
sequencing pnmer (NEB #1211; 5'-GTA AAA CGA CGG CCA GT-3'; SEQ ID NO:17) on a 
subclone containing the C1 cDNA (Goff et a/., Identification of functional domains in the 
miaze transcnptional activator C1: comparison" of wild-type and dominant inhibitor proteins. 
Genes & Development 5: 298-309 (1991)). The resulting C1 transcript,onal activation 
domain (amino acids 234-273 and flanking 3' untranslated reg.on was fused in frame to the 
RXRa coding sequence via the Bgfll site following the RXRa coding sequence and the Bgltt 
site preceding the C1 transcriptional activation domain. This fused RXRa-C1 hybnd coding 
sequence was inserted into the CaMV 35S plant expression vector pMF7 using the flank.ng 
5' and 3' EcoRI sites. Th.s receptor express-on cassette is referred to as 35S/RXR-C1. 
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-ample 10- Construction of a Plant-Expressible Target Expression Cassette En 
coding Firefly Luciferase having the Response Element for the G«U 
DMA Binding Domain 

The plant-expressible target express,on cassette encoding firefly luciferase having the 
response element for the DNA binding domain of GAL4 was constructed in the following 
manner The maize Bronze-1 (Bzl) core promoter dnving the synthesis of firefly luciferase 
was removed from the Bz1 reporter P Bz1LucR98 (Roth et al., Plant Cell 3:317. 1991) via the 
Nhel and Sphl sites and placed in a pUCSS-denved plasmid carrying the luciferase gene. 
The modified Bz1 core promoter contains an Nhel site (GCTAGC) and Bz1 promoter 
sequences up to nucleotide position -53 (Roth et al., Plant Cell 3:317. 1991). Ten GALA 
binding sites were removed from the GAL4 regulated reporter P GALLuc2 (Goff et al.. Genes 
and Development 5:298. 1991) by digestion with EcoRI and Pstl and inserted into 
pBlueScript (Stratagene) using the same restriction enzyme sites. The Hindlll site at the 5' 
end of the GAL4 binding sites was changed to a BamHI site by insertion of an 
Hindlll/BamHI/Hindlll adaptor, and the resulting BamHI fragment containing the GAL4 
binding sites was removed and placed into a Bglll site upstream of the Bz1 core promoter 
driving luciferase. This target expression cassette is referred to as (GAI^VBzItata/Luc. 



Example 11: Construction of a Plant-Expressible Target Expression Cassette En- 
coding Firefly Luciferase having the Response Element for EcR DNA 



Binding Domain 



The plant-expressible target expression cassette encoding firefly luciferase having the 
response element for the DNA binding domain of EcR (EcRE) was constructed in the 
following manner. The maize Bz1 core promoter-luciferase construct in the P UC6S-derived 
plasmid as described in Example 7 was used as the startJng point. Double-stranded 
synthetic oligonucleotides containing the Drosophi.a hs P 27 response element which 
complements the DNA binding domain of EcR were constructed with BamHI and Bglll 
cohesive ends (SF25: 5'-GAT CCG ACA AGG GTT CAA TGC ACT TGT CA-3'; SEQ ID 
NO:6) (SF26: 5'-GAT CTG ACA ACT GCA TTG AAC CCT TGT CG-3'; SEQ ID NO:7). 
phosphorated, and ligated upstream of the Bz1 core promoter by insertion into a unique 
Bglll site. Multiple copies of the response element were obtained by sequential Bglll 
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tnn and insert ,on of add,t,onal double-stranded oligonucleotides. Th.s target 

ZL depending on th. n^er of fuL-s.e palindrom.c response events conned 
within the promoter region (5. 6, and 8. respectively). 



4-«« Af Plant Cells and Control of Target Polypeptide Ex- 



Ligand 



rontroi of targe, po,»p.ptide expression b, vanous receptor po,»pep,ides, including th. 

c z :z« °< « *— — • - * — * si — : 

ra „s,orr„,ng p,an, «,,s «. me necessary 3- — "'IT " " 
microprojeca. I*—™* Mowed by biochemica, assay .or me presence o, the targe 

He which enco.es a H receptor po,yp.p«d. and a second receptor express 
H Which encode a second receptor po,ypep fi de. ,„ add*o, . — express.cn 
cassette which encodes a urge, pcW**. is *» necessary (Figure 1 ,. 
The expression cassettes were simultaneous,, detivered to marz. susp.ns.on ce«s cuWed 
TZ m— (Ohu e, a,. Sden«a Sin,ca XV„~ 1075, b, hig veto*, 

loprcUs and high vetoc* bombardment dnven by compressed h.„um <**■ 
Toome BioRad. Hercu,.s, W Transacted ce,,s were incubated in ,idu,d suspension ,n 
Zesenc. - « epprophate chemical ligand tor approximate, „ « 
yter incubation, the transient ce,,s were harvested then homogensed a, 0 C. Debns 
.he extracts was removed by centntugation a. 10.000 g a. 4-C tor 5 m.nut.s. 
Target polypep*. expression was detected b, assaying th. extract tor me presence o me 
p • enled b, me target expression cassette. One common, used cod.ng seouenc 
he targe, polypeptide when testing contro, o, express.on b, me receptor po„peP„d.s ,« 

pnospnory.a.ion o, luci.enn u,ng ATP as substrate (Promega LuCerase K„. ca 
E1500). us.ng an Ana,„ica, Luminescence Mode, 2001 ,„m,nome,er 
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E«np.e13- The Receptor Polypeptides EcR and USP Activate Expression of a 

Target Polypeptide in Plant Calls 

us „ g tne transformation method of Exampie 12. the receptor expression cassette 35S/EcR 
&ample 1} the receptor express.cn cassette 35S/USP (Example 2) and the targe, 
e-^sion cassette (EcRE )5 -Bz1/Luc (Example 11) were co-transformed into ma,ze cells 
(s^e F-gure 2) Transformed cells were incubated in the presence of 10 ^ tebufeno.de or 
2 pM munsterone as chemical iigands for approximately 48 hours. Luaferase assays were 
pertomed as descnbed in Example 12. The results are presented in Tab.e 1. 



Recaptor 



None 



35S/EcR 



35S/ EcR + 35S/ USP 



;;gi^ence. : of Chemical 



None 



None 



Tebufenozide 



Munsterone 



427 



295 



860 



1351 



35S/ EcR + 35S/USP 

The above results show that me 5' regulatory region of the target expression cassette 
cmpdsino the ECR response elements can be activated in Plant cells by the raptor 
poiypep.des EcR and USP in the presence of a complementary chemical l.gand. The , eve 
0, expression o, the targe, polypeptide iudterase was about 2- ,o 3,o,d =bo,e ma, 
observed in me absence of chemical ligand. 



Example 14: The Receptor Polypeptides VP16-USP and EcR Activate Expression of a 

Target Polypeptide in Plant Cells 

using the transformation method o, Example ,2, the receptor expression cassette 35 S,EcR 
Tale 1, the receptor exprass.on casse.e 35 S«Pie-USP (Exampie 4, and the targe, 
xpres ion cassette ( EcRE„B 2 1,UC (Example tt, were co-trenstormed ,nto ma, e 
Translormed ceiis were ,ncuba,ed ,n the presence ot t pM ecdysone. to „M tebutencde 
or 2 .tM muns.erone as chemical Ngands tor 48 hours LuCeras, assays were performed as 
descnbed ,n Example 12. The results are presen.ed in Table 2 
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Receptor 



None 



35S/ECR + 35SA/P16-USP 
35S/EcR + 35S/VP16-USP 



Presence of Chemical 
Ligand 



None 



Lucrferase Activity 

(light units) 



427 



None 



4,486 



35S/EcR + 35SA/P16-USP 
35S/EcR + 35S/VP16-USP 



ecdysone 



Tebufenozide 



Muristerone 



7,420 



7,003 



12,374 



The above resu,ts show that the 5" regulatory reg.on of the target expression cassette 
he EcR response elements can be activated in plant ceils by the receptor 
'TZLVZZ**** -ptor po,vpeptide VP1WP , the presence of a 

ab out 2- to 3-fold above that observed in the absence of chemical l.gand. 



i.- j c „ D 227-326 ri and yep Activate Expression of 
Example 15' The Receptor Polypeptides EcR -C1 and UbH a 
Example 1t>. ^ p olypep tide in Plant Cells 

«,„h nf F*amole 12 the receptor expression cassette 35S/USP 
U^ngmeU-ns^nmemodofExam^m ^ ^ 

, Cv , mnlp o\ .he receptor expression cassette 35S/ Eck 

^7 p sst LsL °> - «— - ™ 

^ * .8 ^. — assa,s we, < as ,n ,Z T*. 

results are presented in Table 3. 



Iable_3: 
Receptor 



35S/USP + 35S/ EcR 227 -* 25 -C1 



Presence of Chemical 
Ligand 



Tebufenozide 



Luciferase Activity: 

(light units) 




24,631 
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„ «,„.„ that toe 5' regulatory region °t the target expression cassette 
Tne ab o,e = -^^J ra „ M advaled , n p M c* * « receptor 

C T P " "I USP and the .h ro enc receptor po»pe=«d, EcK^ -C1 in the Presence o, a 
P °' ,peP " de ^ * ' M The ch.m.nc receptor poiypepf* uses the tmnsacvat.cn 

domain of the maize regulator^ g- exprsS sion of 

,-nn h« r°movPd the transactivation domain of EcR. Tne level or expr 

:i - - - - - — - m :ne aDsence 

of chemical ligand. 

Domain 

Usin9 *. — a U on - o, Example O. »e receptor 
,,«;AL4- EcR»"" (Example 3). the receptor express™ casse«e 35S/USP V 
f « afd the <aU expression cassette (GAUVB^c (Examp.a 10, were cc- 
' H celts (Fgure * Transtonmed cells ware incited in me presence 

^re conned as descnbed in Exampie 12. The resuits are presented ,n Tahle 4. 



Table 4: 



-■ ' 11 330-378 

35S/GAL4- EcR 
35S/USP-VP16 



Presenceof J 



JLucif erase Activity 

:;y-:r : :I(ligHt units) ^ 



2,804 



35S/GAL4- E cR^3^ 



35S/GAL4- EcR— 78 - 35S/USP-VP16 



6,121 



3,586 



130,601 



^ thP 5' reoulatory region of the target expression cassette 

Tne above r: ^ .mi - » — - °* - - — , 

comp.ns.na the G~L >W ^ ^ ^ ^ ^ , comp , emen , ary cne m,cal 

p„ ly pep» es GAL - cR ^ ^ ^ aB0>e lha , 

„ I a sen« o, chemica, ,gand. Th,s ,nd,ca,es „ tna, the cn,me„c receptor 
observed ,n the ah ce ^ ^ ^ ^ ^ 2 , 

polypeptide bound to the OAL« re^ 
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■ nf the EcR 330 " 8 ™ nnoiety in the 

hetero-dimenzed. ana 
(romV Pl6.nto position for activation. 

■«n Cassette in Plant Cells Using a 

— an RXR aervauve havin9 ' 

Strong Transactivalion Domain 

, 1, me receptor expression cassette 
us ,„ 9 „ • — »' , o 2 wpres5i0 „ ... ^"XR 

35SJGAL4 . ECR-" (6— » « ';2' ; AL4 ^, Bz1 „. u c (Example 10) were co- 



tebufenori& 



1,032 



■^S^^^ ; -p— 27i95 4 

rr.-^"-— " 

» 9 and. me ieve, - expres , „-* *9 P ^ ^ ^ ^ 

— ; 1*^ ^ e etem en,s 0, M «« ««"— " 

,ecep,or po„pep„de — » °* wand tending domain of the EcR*"" moiety " 
casse«e. 2)in a-,. U .eno*»-d »m ^ ^ propefly 

heterodimenzed, ana^m* 
VP16 into position for activation. 



WO 96/T7673 



- 37 - 



PCT/TP96/00686 



vn rnn be Used on Each Chimeric Receptor 
Example 13: A Transaction Domain Can be U.ed 

Polypeptide 

using ,e transform method of Example 12, the receptor ™ 
~^CAL4 EcR^-C1 (Example 6), the receptor expression cassettes 35S,USP V. ,6. 
^Is-USP (Example 4). 35SNP16-RXR (Example 8), or 35S/RXR-C1 (Example 9) 
and the target expression cassette (GAL4) 10 -Bz1/Luc (Exampie 10) were co-trans.orn.ea 
, n;o malZ e ce„s. Transformed ce„s were incubated ,n the presence of 10 ,M tebufenoz,de 
as chem,cal .igand for approximately 48 hours. Lucferase assays were perfomed as 
described in Example 12. The results are presented in Table 6. 



Table 6; 

Chimoric Receptor 



35S/GAL4-EcR 33M25 -C1 + 35S/VP16-USP 
35S/GAL4-EcR^ 25 -C1 + 35S/VP16-USP 
SSS/GAL^EcR^-C^ 35S/USP-VP16 
SSS/GAL^EcR^-CH 35S/USP-VP16 

Experiment #2 



SSS/GALA-EcR^-C^ 35S/USP-VP16 
35S/GAL4-EcR^ 5 -C1+35S/USP-VP16 

Experiment #3 

I^s/gal^ecr^-cTTms/usp-vpib 

35S/GAL4-EcR 33W25 -C1 + 35S/USP-VP16 

Experiment#4 ' . 

SSS/GALA-EcR^-CI* 35S/VP16-RXR 
35S/GAL4-EcR^ 25 -C1 + 35S/VP16-RXR 

Experiment #5 



35S/GAL4-EcR^-C1 + 35S/VP16-RXR 
35S/GAL4-EcR^ 5 -C1 + 35S/VP16-RXR 



Experiment #6 

35S/GAL4-EcR MO - KS -CU35S/RXR-C1 

35S/GAL4-EcR wa3S -Cl + 35S/RXR-C1 



Presenceiof 
Tebufenozlde 



Luciferase Activity 
(light units) 




179,209 
7,627,276 



6 748 
51.910 
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(GAL4)1 ,BZ1/Luc coning t gnd 35S/vpiWJS p, 3 5S/USP-VP16, 

355 VP16-RXR. or 35S/RXR-C1 n h P ^ ^ ^ 
expression of the target polypeptide was ,nc, eased 
by presence of the ligand. 

^ 19; , Mlal ,» - ~ p*p— «— — flc,,vfty 

„ , « — *-> - - «-. ;t;:;;r:i ( i:i-" 

, .ontnr aJSPl were generated in vitro using PCR mutagenesis c 
Ultraspiracle receptor (UbP) were y m „ fated PcR iigand binding 

p y Le ung e, a, Tecb W ue i: «■« «" " « ™A ««. 

domai „ «. d oned m 3 yeas, e,p,ess,o„ domal „ _ done d 

,GAL4 - p :rr: z rru-— - — > - 

into a yeast express.on vector as a fus,on w. GGY 1::171. 

™ rjrrirr^T— - — 

Tne mutant GAU-Ec =»- ransfomBd h ^ 

""^■."S^S^v-- — ants - — « ~* — 
mutagentzed GAL4-ECK polypeptide activity for 

indicator X-Gal. Mutants laving a decreased ba a, ,e « o. rec p J ^ ^ 
« heterodimer generated v*e ,0 ligh, blue colontes . nX-Gs **a P ^ 

«h r-rpotor DOlvpeptide heterodimers generated darK Diue co 
«™«^ , ^^ , 1W P M basa , and emica, ^nd-induced ,e,e, - receptor 
tight blue colonies were tested ^ fc 

P-^^*^^*"^^ as ca.cn soo.es. Tbe 

m ed,a (S media, containing glycerol. 

resting cufur, was split into «. PO—. one c M** w as 

— " 93nfl ,::::a::::: " - . ~ 

A « er exposure ^ „ lhe procedu re o. Miller (Expends 

.ere assayed .or p-gala* ^ ^ ^ Colo 

,„ Mortar =-.,s 5 « ^ ^ „ mu , a „, recepK r 
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s.nce tney may exhibit, in plant cells 



o 



f target gene expressio 



a decreased basal activity and a greater fold induction 
n in the presence of the chem.cal ligand. 



&mpte20 : Nation o, Receptor P**** — • ~* 

interaction 

,ne ninth h-ptad repeat protein-protein interaction region of the Sgand Prnding 
Mula „ 0 „ s ,n e n -P P ^ ^ ^ ^ are feponed t0 

dom a,„ =, the ™ °< n^menzation - their common partner 

tfsptav Weased dap nde ce o g ^ ^ 

^ (AU ,„eg„er a, ,. Mo . J ^ ^ ^ 

independent wn«* |iga „ d . de[>endenl tranS ai Pl iona, eo.ve.ion. ft. leucine 

at position 617 .n EcR was S ^ ^ ^ ^ ^ sEQ ,D 

;rr*rr , -red coding se.ence was reacted rnto - e^sse 
GAL 1r-C1 denvati.e as descn>ed in Examp.a e Thts recepto, eiprassron — . 
„tanadtoaa35S/GAL4-EcR(U617R).C1. 

E - amp ,e 21: ^.cation - uutant Receptor Poiypeptides witn improved ™c,ion 

in Plant Ceils 

■„„ cassettes which anepda ma mutated E=R or USP receptor 
Receptor express.on .asset, ^ ^ ^ , 

p o, yP ep«es 0, 3 ; s ° n in on, o, ft. targe. 

, hrou gn 9 These recap o a r s mre , ranslorrned into p, a „, ceils aooordrng to 

e ^ ss, °: "nX:: :i ^ - — - - - 5 

„ procedure o E mp • ^ ^ ^ ^ po|ypeplldes ,„ 
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Receptor 



35S/GAL4-ECR— 5 -C1 
+ 35S/USP-VP16 Mutant 70- W-^ 

35S/GAL4-EcR^ 5 -C1 

+ 35S/USP-VP16 Mutant 70-1-2-^ 

35S/GAL4-EcR^ 5 -C1 

+ 35S/USP-VP16 Mutant 70- W-/ 

+ 35S/USP-VP16 Mutant 70-1-2-2 

35S/GAL4-ECR^ 5 -C1 

+ 35S/USP-VP16 Mutant 47-2-2-8 

35S/GAL4-EcR w425 -C1 

+ 35S/USP-VP16 Mutant 47-2-2-8 

35S/GAL4-EcR^-C1 

+ 35S/USP-VP16 Mutant 47-2-2-8 

35S/GAL4-EcR 33M25 -C1 

+ 35SAJSP-VP16 Mutant 47-2-2-8 

35S/GAL4-EcR(L614R}-C1 
+ 35S/USP-VP16 
35S/GAL4-EcR(L614R)-C1 
+ 35S/USP-VP16 

35S/GAL4-EcR(L614R)-C1 
+ 35S/USP-VP16 
35S/GAL4-EcR(L614R)-C1 
+ 35S/USP-VP16 

35S/GAL4-EcR(L614R)-C1 
+ 35S/USP-VP16 
35S/GAL4-EcR(L614R)-C1 
+ 35S/USP-VP16 

35S/GAL4-EcR(L614R)-C1 
+ 35S/USP-VP16 
35S/GAL4-EcR(L614R)-C1 
+ 35S/USP-VP16 



presence of 
Chemical Ligand 



None 
Tebufenozide 

None 
Tebufenozide 

None 
Tebufenozide 

None 
Tebufenozide 

None 
Tebufenozide 

None 
Tebufenozide 

None 
Tebufenozide 

None 
Tebufenozide 



Lucif erase Activity 
(light units) 

1,915 



1 1 ,957 

4281 
25,405 

8,490 
145,752 

19,032 
329,866 

21,675 
745,182 

44,030 
1,600,287 

102,340 
2,632,780 

54,630 
2,488,780 
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These r-suits demonstrate that mutations within the ligand b.nd.ng domains of the EcR or 
USP receptor, can result in receptors with increased iicanc-deoendent expression of a 
target polypeptide. 

Reporter 

Agrobadenum T-DNA vector plasmids were constructed from the previous* deseed 
plasmids pGPTV-Kan and pGPTV-Hyg (Becker et si, Plant Mo,. Biol. 20:1195-1197. 
(19 92)) The Sacl/Hindlll uidA (GUS) reporter gene of both the pGPTV-Kan and pGPTV- 
Hyg plasmids vvas replaced by the Sacl/Hindlll polylinker from P GEM4Zf!>). pSPORTI. 
P B.uescnptKS( + ), P.C20H, or P UC18 to give the p.asmids pSGCFW. pSGCFX, pSGCFY. 
pSGCFZ pSGCGA, pSGCGC. pSGCGD, pSGCGE, pSGCGF. and pSGCGG respectvely. 
A GAL4-regulated ludferase reporter as the target expression cassette was constructed as 
a T-DNA Agrobacterium plasmid by first subdoning a 328 bp Konl/Hindlll fragment with 10 
GAL4 binding sites and a maize Bronze-1 TATA as described in Example 10 ,nto the 
Kpnl/Hind.l. sites of the modified ludferase reporter plasmid P SPLuc + (Promega) to create 
piasmid pSGCFOL A 1.991 Kb Kpnl/Xbal fragment from P SGCF01 containing the GAL4 
binding sites-Bz1 TATA-Luciferase reporter was subdoned into a T-DNA vector viajigafion 
to a 7 194 Ndel/Spel fragment of pSGCFXI and a 4.111 Ndel/Kpnl fragment of pSGCFZI 
described above. The resulting plasmid was designated pSGCGU. and carries a NPT1I 
selectable marker driven by a nos promoter conferring resistance to kanamyan ,n the 
transgenic plant, and a GAL4-reg U lated ludferase reporter. A GAL4-regu,ated GUS reporter 
with 10 GAL4 binding sites, a 35S TATA region and GUS coding region was constructed ,n 
a similar manner and was designated pAT86. A direct repeat (DR) response element 
gorier with 3 copies of the DR response element, a Bz1 TATA, a luciferase coding reg,on 
and a nos terminator was also construed in a manner similar to that 
PSGCGU and was designated pSGCHUL Receptor expression cassettes descnbed ,n 
examples ' 3 -9 above were used to construct analogous Agrobactenum T-DNA constructs 
carrymg the CaMV 35S promoter and the nos polyadenylat.on signals 
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sample 23 ; Generation o, ~£ 

RXR) derivative and Carrying a Kegumiuu 

"end egu,a,ed luciferase reporter an, approbate receptor 

,• „ bv the following »acuum-infiltration procedure Eleclrocompeten, GV3101 
TTZZ * 1 pi— « GV3101 in 2X VT media 

Aorobacte/iu/" c-lls wer.. p „,„ c r, 7 unto Cells were chilled on ice 

a ,28-C with aerator, for 24-30 hours to an OD„ of 0.5- 0.7 un,ts Calls 

lor n( ,30 minutes, =n. - **» R ™ * 5 "*~ " ^ ^ "7£ 

j . „ n , peltel resuspended in 1 volume ot ica-cold 10% glycerol Calls 

::: :::::r:,ooo * PM . — . - - - — . . 

d , s Jd. and tha cat, pa«a, resided in **^«£^£1Z 
wane again centric** a. 5,000 RPM tor 5 mmu.es a. 4 C. The supem 
dis Jd. and the cal, p*t resuspended in 0.02 ^ .H^l^- 
were again cenuifuged at 5,000 RPM for 5 minutes The sup 

discard!, and the cel, p*. resuspended in 0.02 votume o, ica-cold 10* ^ 
1 again centnfuged a, 5,000 RPM to, 5 min.es a, «. The supamat an, * 
IJd. and the - palta, resuspandad in 0.01 voiume of ice^d C- 
L aliguoted ,n 200 u, amounts *r 1.5 m, mioofuge tubes. ***** « *- «, - 
Id a -SO-C. Preen ^competent calls ware thawed on ,ce and 40 „ transfared . 
pruned 1.5 ml mWuge °na u, o, the appropriate « P«- »* 

" esnT 5 r: crofuga tube. Cans were »en incubated a, 37-C for 

contents tran.ee to a h - ^ ^ 2 ^ ^ § ^ 

1 ° n 2 Shak : ' ITIe-spead micro.uge. the supernatant decanted, and the cel, 
„, e in an Eppendorph ad,us«able-sp ^ Mre sp[ead on an LB 

pane, resuspended in the remaining kquid Resusp ^ 

• • , « n . muP in Plates were incubated at 28-iO u ior ^ o uay = 
media plate containing kanamycn. Plates 

i 9 iPrt with a single transformed colony in a 250 ml tiasK w, 
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c „ tu re was incubated for 24-36 hours at 2S°C at 250 RPM and 10 ml of the culture was 
used t0 inoculate 500 ml LB + antib.ot.es in a 2-liter flask. This culture was ,ncubated 
overn.ght at 23°C with shak.ng at 250 RPM. Plasm.d DNA was isolated from th,s 
Agrobactehum culture and verified by restriction analysis. 

Asepsis plants were grown in mesh covered soil in 3 inch square plastic pots ,n a 
phytotron set for 16 hours light, 3 hours da*. 20°C for 4-5 weeks. Plants were grown until 
the floral meristem was approximately 2 inches tall. Floral menstems of Asepsis plants 
to b° transformed were removed two days pnor to exposure to Agrobacienum. The 
Agrobacienum culture was centrifuged at 5000 RPM for 5 m,nutes and the resu.ting pellet 
resuspended in 500 m, of Infiltration Media (4.3 g MS salts/liter. 5% Sucrose , 0.01mg/m« 
benzylaminopunne, lOOmlflter Silwet L77. P H 5.8). Arabics plants were soaked ,n water 
to saturate the soil. Five hundred ml of the bacterial cell suspension was transfered to the 
bottom of a sterile vacuum dessicator. and the Arabics plants in their pots were placed 
top down in the Agrobactenum solution. Vacuum was applied to the dessicator for 5 
minutes then re.eased slowly. This vacuum treatment was repeated three toes, plants 
were rinsed of excess Agrobactenum, and returned to the growth chamber. The vacuum- 
infiltrated plants were allowed to mature, flower, and produce seed. The resulting seed was 
further dried out in a drying room with low humidity at 95-F for approximately 5-10 days. 
The seed was removed from the dried flowers by crushing, then filtered through a 425 urn 
mesh sieve Approximately 240 mg of seed was sterilized by addition to 1 ml 70% BOH. 
vortexed thoroughly, and incubated for 2 minutes at room temperature. Seed was 
centrifuged briefly at high speed in an Eppendorf Microfuge, and the supernatant was 
removed Pel.eted seed was resuspended in 1 ml sterlizatJon buffer (1 part 10% Tnton X- 
10 0 10 parts bleach. 20 parts dd H 5 0). vortexed, and incubated at room temperature for 
30 minutes Seed was centrifuged bnefly a. high speed in an Eppendorf Microfuge, and the 
supernatant was decanted. Seed was resuspended in 1 ml sten.e dd H,0. vortexed, 
centnfuged at high speed in a microfuge, and the supernatant removed. This wash step 
was repeated three times, then the seed was transfered to a 50 m. centnfuge tube for a 
final wash in 5 m, dd H 2 0. Seed was breifly centnfuged a, top speed in a Beckman table 
t0P centnfuge. The supernatant was decanted, and seed was resuspended in 24 ml of 
stenle 0 8% LMP agarose a. 50°C. m.xed. and 8 m, a.iquoted to three 150 mm GM plates 
CO nta,n,ng antibiotic for selection (either 50 ,g/m. Kanamycin or 50 ^m. Hygromycin) and 
500 ng/m. carbenicillin. The plated seed was .ncubated a, 4°C in the da* for 24 nr. then a, 
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20°C with 16 hours light, 8 hours dark cycle per day. Germinated seedlings were selected 
on plates for 5-10 days, plantlets were transplanted to fresh selection plates, and 
transplanted to soil following 5-10 days further selection, Freshly transplanted plantlets were 
covered with plastic wrap for 2-3 days, then grown until initiation of the floral meristems. 



Example 24: Raising Progeny of the Transgenic Plants 

Transformed plants of Ambidopsis thaliana (Columbia) prepared in Example 23 are grown in 
mesh covered soil in 3 inch square plastic pots in a phytotron set for 16 hours light, 8 hours 
dark, 20°C for 4-5 weeks. The plants contain integrated into their genome foreign DNA in 
the form of the receptor and target expression cassettes according to the invention. Said 
integrated DNA is transferred from one plant generation to the next through the process of 
fertilization, as a consequence of the life cycle of the transformed plant. 
Fertilization is a process by which the male gametophyte and the sporophytic or 
gametophytic female tissues interact to achieve the successful production of a zygote. 
Mature pollen grains are produced in the anthers of the flower and are deposited on the 
surface of the stigma (pollination), where it hydrates and germinates to grow a pollen tube. 
The sperm cells in the pollen tube are delivered to the embryo sac present in the ovary 
(gynoecium) where the actual events of fertilization (gamete fusion) take place to produce 
the zygote. The zygote, in the form of a seed, is the realization of the next generation of a 
plant line. This next generation is termed the 'progeny' of the transformed plant. 
The progeny may be formed by self-fertiiization, wherein the male gametophyte and female 
gametophytic tissue arise from the same individual plant. This means that a single plant is 
the source of the genomic DNA for the next generation. Alternatively, progeny may be 
produced by cross-fertilization of two separate plants by placing the male gametophyte from 
one plant into contact with the female sporophytic tissues of a separate plant in order to 
produce the next generation of plants. In this case the genomic DNA of the progeny is 
derived from two separate plants. Furthermore, when a transformed plant is cross-fertilized 
with a non-transformed plant, the genomic DNA of the progeny is composed of transgemc 
genomic DNA from one plant and non-transgenic genomic DNA from a separate plant. 
Regardless of whether the progeny of the transformed plant are produced by self- 
fertilization or cross-fertilizat.on, some of the progeny will receive an unequal genetic 
contribute due to the presence of the fore.gn DNA integrated into the genome. This 
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unequal genetic contribution can be ascertained using the techniques of classical genetics 
and molecular biology. 

Tc produce the next generation of plants containing the receptor and target expression 
cassettes according to the invention, the original transformed plants are allowed to mature, 
flower, and produce seed under controlled environmental conditions. The resulting seed is 
further dned out in a drying room with low humidity at 95°F for approximately 5-10 days. 
The seed is removed from the dried flowers by crushing the siliques and then filtering 
through a 425 mesh sieve to separate the seed from other plant material. The seed can 
then be used to raise further generations of plants. 

This process of producing a next generation of transformed plants, although described for 
Arzbidopsis, is generally applicable to all angiosperrn plants having integrated into their 
genome the receptor and target expression cassettes according to the invention. 



All publications and patent applications mentioned in this specification are indicative of ti 
level of skill of those skilled in the art to which this invention pertains. All publications ai 
patent applications are herein incorporated by reference to the same extent as if ea< 
individual publication or patent application was specifically and individually indicated to I 
incorporated by reference. 

Although the foregoing invention has been described in some detail by way of illustrate 
and example for purposes of clarity of understanding, it will be obvious that certain change 
and modifications may be practiced within the scope of the appended daims. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME : CIBA-GEIGY AG 

(B) STREET: Klybeckstr. 141 

(C) CITY: Basel 

(E) COUNTRY: Switzerland 

(F) POSTAL CODE (ZIP) : 4002 

(G) TELEPHONE: +41 61 69 11 11 

(H) TELEFAX: + 41 61 696 79 76 

(I) TELEX: 962 991 

, ■ ■ x TITI£ 0F iNVEOTION: Control of Gene Expression in Plants by Receptor 
U i) TITI£ OF INVhx* Mediated Transa ctivation in the Presence of a 

Chemical Ligand 
(iii) NUMBER OF SEQUENCES: 18 

(iv) COMPUTER READABLE FORM; 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30B 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc « "oligonucleotide Sr43 

(iii) HYPOTHETICAL: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
CGCGGATCCT AAACAATGAA GCGGCGCTGG TCGAACAACG GC 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE : other nucleic acid 

(A) DESCRIPTION: /desc - "oligonucleotide SF23" 

(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
CGCGGGATCC ATGCGGCCGG AATGCGTCGT CCCG 



(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "oligonucleotide SF42 ,f 

(iii) HYPOTHETICAL: NO 



{xi) SEQUENCE DESCRIPTION: SEQ 2D NO: 3: 
CGCGGATCCA TGGACAACTG CGACCAGGAC 



(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc * "oligonucleotide SF37" 

(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 4: 
GCGGGATCCC CCACCGTACT CGTCAATIC 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 45 base pairs 

(B) TYPE : nucleic acid 
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(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "oligonucleotide SAllb 

HYPOTHETICAL: NO 

( xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
OPCGAGCrrr CGGATCCTAA AACAATGGCC CCCCCGACCG ATGTC 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) WDI£CUIX TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "oligonucleotide SF25 

(iii) HYPOTHETICAL: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
GATCCGACAA GGGTTCAATG CACTTGTCA 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "oligonucleotide SF26 

(iii) HYPOTHETICAL: NO 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 7: 
GATCTGACAA GTGCATTGAA CCCTTGTCG 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "oligonucleotide SF30" 

(iii) HYPOTHETICAL : NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
CGCGGATCCA TGGGTCGCGA TGATCTCTCG CCTTC 



{2) INFORMATION FOR SEQ ID NO: 9: 

<i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 11 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 



(ix) FEATURE: 

(A) NAME/ KEY: misc_feature 

(B) LOCATION: 1. .11 . 

(D) OTHER INFORMATION: /note- "px^lylinJter used to link the 
CI transactivation domain to EcR" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

11 

VGSRSRVSSH A 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "positive strand 
oligonucleotide used to create pSKGAL2.3" 



(iii) HYPOTHETICAL: NO 
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(xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
CGGGGGATCC TAAGTMGTA AGGTAC 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

fiil MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "ccrrplerentary strand 
oligonucleotide used to create pSKGAL2.3" 

(iii) HYPOTHETICAL: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
CTTACTTACT TAGGATCCCC 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOIXCUIX TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "oligonucleotide SF165 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
CGCGGATCCA TGGACACCAA ACATTTCCT 

(2) INFORMATION FOR SEQ ID N0:13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "oligonucleotide SF167 
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(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 13: 
CGCGGAATTC TAAACAATGG ACACCAAAC* TTTCCT 



(2} INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE : other nucleic acid 

{A) DESCRIPTION: /desc - "oligonucleotide SF170" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
CGCAGATCTG GGTGGCTTGA TGTGGTGCCT C 



(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "oligonucleotide SF168" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
CTCTTCACTC TTGTGGAGTG 



(2) INFORMATION FOR SEQ ID N0:16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(^i) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc « "oligonucleotide 



(xa) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
TTCTACGCAA AGCGCCTCTC GATCCTC 
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(2) INFORMATION FOR SEQ ID NO: 17: 

(1 ) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



( U) MOLECUI£ TYPE: other nucleic acid NEB1211" 
(A) DESCRIPTION: /desc - "oligonucleotide NEB1211 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
GTAAAACGAC GGCCAGT 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



fii) WOI£CULE TYPE: other nucleic acid 

(A) DESCRIPTION : /desc - "oligonucleotide SF140 



(xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
CGCAGATCTT GGACGAGCCG TGCITCTCCG GC 
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CLAIMS 

What is claimed is : 

1. A transgenic plant cell or plant and the progeny thereof compnsmg: 

a) a first receptor expression cassette which encodes a first receptor polypeptide 
comprising a first ligand binding domain; 

b) a second receptor expression cassette which encodes a second receptor 
polypeptide comprising a second ligand binding domain; and 

c) a target expression cassette encoding a target polypeptide. 

2. A plant cell or plant according to claim 1, wherein the target expression cassette 
encodes a target polypeptide interfering with plant fertility. 

3. A method to produce a plant ceil or plant according to claim 1, comprising transforming 
a plant ceil or plant with 

a) a first receptor expression cassette which encodes a first receptor polypeptide 
comprising a first ligand binding domain; 

b) a second receptor expression cassette which encodes a second receptor 
polypeptide comprising a second ligand binding domain; and 

c) a target expression cassette encoding a target polypeptide. 

4. A method according to claim 3 additionally comprising obtaining progeny of the plant 
ceils or plants transformed with said expression cassettes. 

5. The plant of claim 1 or 2 wherein said plant is maize. 

6. The plant of claim 1 or 2 wherein said plant is wheat. 

7. A method of controlling gene expression in a plant according to claim 1 comprising: 

a) expressing said first and second receptor polypeptides in said plant; and 

b) contacting said plant with one or more chemical ligands which are complementary 
to the iigand binding domain of said first or second receptor polypeptides whereby 
said receptor polypeptides in the presence of said chemical ligand activate the 
expression of said target polypeptide. 

8. The method of claim 7 wherein said first and second receptor polypeptides are 
members of the Class II steroid and thyroid hormone superfamily of nuclear receptors. 
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9 . The method of claim 8 wherein said first receptor polypeptide is Ecdysone Receptor. 

10 . The method of da,m 9 wherein sa.d first receptor polypeptide further compnses a 
heterologous transactivation domain. 

H The method of daim 10 wherein said heterologous transactivation doma.n is the 
transactivation domain from the C1 regulatory gene of ma,ze. 

12 . Th e method of daim 9 wherein said first receptor polypeptide further compnses a 
heterologous DNA binding domain. 

13 . The method of daim 12 wherein said DNA binding doma.n is the DNA binding domain 
from the GAL4 protein of yeast. 

14. The method of daim 8 wherein said second receptor polypeptide is U.traspirade. 

15 . The method of daim 14 wherein said second rector polypeptide further comprises a 
heterologous transactivation domain. 

16 T he method of daim 15 wherein said heterCogous transactivation domain is the 
transactivation domain from the VP16 protein of herpes s.mplex. 

17. The method of daim 7 wherein said first or second receptor polypeptide has been 
mutated in the ligand binding domain. 

18 . The method of daim 7 wherein said chemical .igand is an insect hormone, an insect 
hormone antagonist or an insect hormone agonist. 

19. The method of claim 18 wherein said chemical ligand is fenoxycarb. CGA 59.205. 
tebufenazine, or RH 5849. 

20 The memo, o. daw 7 — said «m ^**» """"^ \ * 

2, Ame „,„do 1 co„«r=» i ng«.en i «»efaplan,acco,4n 9 .o«aim2compr iS1 ng: 

a, easing said « and second recep.o, po, y pep.,des ,n sa,d .rans.or.ed plan,. 

and 
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b) contacting said transformed plant with one or more chem.cal ligands which are 
complementary to the Hgand binding domain of sa,d first or second receptor 
polypeptides hereby said receptor polypeptides in the presence of sa,d chemical 
ligand activate the expression of said target polypeptide. 

T> The method of claim 21 wherein at least one of said receptor expression cassette 
comprises an anther-specif.c promoter operably linked to the coding sequence for said 
receptor polypeptide. 

23 The method of claim 21 wherein at least one of said receptor expression cassette 
compnses a pistil-specific promoter operably linked to the coding sequence for sa,d 
receptor polypeptide. 

24. The method of claim 21 wherein the expression of said target polypeptide reduces 
plant fertility. 

25. The method of claim 24 wherein said target polypeptide is the ribonuclease barnase. 

26. The method of claim 21 wherein said target expression cassette encodes the antn 
sense version of a coding sequence critical to fertilization. 

27. The method of claim 21 wherein the expression of said target polypeptide increases 
plant fertility. 

28. The method of claim 27 wherein said target polypeptide is the ribonuclease inhibitor 
barstar. 

29. A receptor expression cassette comprising: 

a) a 5' regulatory region capable of promoting expression in a plant cell; 

b) an operably linked coding sequence encoding a receptor polypeptide compnsing a 

ligand binding domain; and 

c) a 3' terminating sequence. 

30 The receptor expression cassette of claim 29 wherein said receptor polypeptide is a 
m ember of the Class II steroid and thyroid hormone supertamily of nuclear receptors. 
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31. The receptor expression cassette of daim 30 wherein sa,d receptor poiypept.de is 

Ecdysone Receptor. 

32. The receptor expression cassette of claim 30 wherein sa,d receptor polypept.de further 
comprises a heterologous transaction domain. 

33 The receptor expression cassette of claim 32 wherein said heterologous transaction 
domain is the transactivation domain from the C1 regulatory gene of ma,ze. 

34. The receptor expression cassette of claim 30 wherein sa.d receptor polypeptide further 
comprises a heterologous DNA binding domain. 

35. The receptor expression cassette of daim 34 wherein said hetero.ogous DNA binding 
domain is the DNA binding domain of the yeast GAL4 protein. 

36. The receptor expression cassette of daim 30 wherein said receptor polypeptide is 
Ultraspiracie, 

37. The receptor expression cassette of claim 36 wherein said receptor polypeptide further 
comprises a heterologous transactivation domain. 

38 The receptor expression cassette of daim 37 wherein said hetero.ogous transactivation 
domain is the transactivation domain of the herpes simplex VP16 protem. 

39. The reoeptor expression cassette of daim 29 wherein said receptor polypeptide has 
been mutated in the ligand binding domain. 

40 A target expression cassette comprising: 

a) a 5' regulatory region compnsing at .east one response e.ement necessary for 
complementary binding of a receptor polypeptide; 

b) an operably linked nucleotide sequence encoding a target polypeptide; and 

c) a 3' termination region. 

41 Use of the plant accord.ng to claim 1 to .nduce express.on of the target polypeptide by 
an insect hormone, an insect hormone antagonist or an insect hormone agon,st. 

42. Use of the plant according to claim 2 to control plant fertility. 
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